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THE HICKORY RUN BOULDER FIELD, 
CARBON COUNTY, PENNSYLVANIA* 


H. T. U. SMITH 


ABSTRACT. The Hickory Run boulder field is located in the Pocono 
Plateau region of northern Carbon County, northeastern Pennsylvania, 
along a valley flat near the headwaters of Hickory Run. It lies within 
an area mapped as Illinoian drift, just beyond the border of the Wis- 
consin drift. The boulder field is irregular in outline and roughly 400 
by 1800 feet in extent. The surface of the field is a bare expanse of 
unsorted, loosely packed boulders up to 20 feet or more in length. Despite 
minor irregularities, the overall appearance of the field is one of striking 
flatness, and the surface gradient is close to 1°. The boulders are com- 
posed of quartzitic sandstone and conglomerate of local derivation. Many 
boulders show splitting, pitting, rounding, and discoloration by weathering 
in place. Scattered excavations show a complete absence of any finer 
interstitial material down to water level, at a depth of several feet. 
Bordering the boulder field are wooded slopes of moderate declivity, 
with scattered blocky patches and numerous blocks projecting through the 
forest floor. 

The morphology and lithology of the boulder field, together with its 
present aspect of stagnation and decay, are best explained as resulting from 
periglacial climatic conditions during the near approach of the Wisconsin 
ice sheet, inferred to have effected a marked interruption of the stream 
erosion cycle, with frost action in a major role. The bouldery material 
is believed to have been supplied by intensified mechanical weathering, 
to have been carried downslope onto the valley flat by accelerated mass 
movement, and then to have been left immobile when deglaciation brought 
climatic amelioration. Subsequent resumption of the normal processes of 
weathering and erosion now observable has worked toward gradual break- 
down of the boulders in place and gradual flushing of interstitial soil 
material. 


INTRODUCTION 


HE Hickory Run boulder field, the largest of its kind on 
record in the Appalachian region, is unusual both scenical- 
ly and geologically. It is located in the Hickory Run State 
Park, in the Pocono Plateau region of northern Carbon County, 
northeastern Pennsylvania (fig. 1). The designation “boulder 


* Publication authorized by the Director, U. S. Geological Survey. 
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field,” used locally, is retained here as a purely descriptive term 
for an irregular expanse of contiguous blocks and boulders? 
with little or no soil. Such terms as “block field” and “‘felsen- 
meer” have been used also for this type of accumulation. 

The purpose of the present paper is to place on record the 
pertinent facts about this unusual geomorphic feature, to com- 
pare it with similar features elsewhere, and to consider its origin 
and significance. The paper is based on a field examination 
made for the National Park Service, under the auspices of the 
U. S. Geological Survey, during 244 days in June 1945 and 
an additional day in August 1948. 

Acknowledgment is due to Mr. Daniel A. Brady and to Mr. 
John J. McGinley, officials in charge of the Hickory Run State 
Park in 1945 and in 1948, respectively, for courtesies extended. 
A copy of Leverett’s unpublished field map of the glacial bound- 
ary (used in preparation of Leverett, 1934), together with other 
information, was provided by Dr. G. H. Ashley, of the Pennsyl- 
vania Geological Survey. 


TOPOGRAPHIC AND GEOLOGIC SETTINGS 


The boulder field lies in the valley flat of Hickory Run near 
its headwaters, between 1800 and 1900 feet in elevation. It is 
bordered by wooded slopes of moderate declivity, leading up to 
low, rounded ridges. Local relief is from 200 to 400 feet. The 
general topography of the area is shown in figure 2 and is 
represented more fully on the Stoddartsville, Pennsylvania, 
topographic sheet. 

Bedrock in the vicinity of the boulder field is mapped as the 
Pocono formation, of Mississippian age (Stose and Ljungstedt, 
1931). The bedrock is mostly covered by surficial rubble de- 
posits, so that outcrops are comparatively few and small. The 
exposures observed by the writer are all on the north side of 
the valley, and are of hard, massive, reddish quartzitic sand- 
stone. Dips are low and jointing is prominent. 

Glacial geology of the area has been studied only in recon- 
naissance fashion. According to Leverett (1934, plate 1), the 

i In this paper the term “boulder” is used, according to the Wentworth 
grade scale, as a general term for rock fragments having a diameter of 
more than 256 mm (approximately 10 in.), regardless of shape. The term 
“block” is used to designate those particular boulders of angular habit 


whose form directly reflects the joint and bedding planes by which they 
were outlined originally. 
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Fig. 1. Outline map of Pennsylvania, with location of the Hickory Run 
area marked by a larger black dot. The heavy dotted line marks the Wis- 
consin drift border, and the light dotted line the pre-Wisconsin drift border, 
according to Flint, et al., 1945. 


41°00 
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Fig. 2. Generalized contour map of the Hickory Run area. The boulder 
field is marked in black. The heavy dashed line represents the Wisconsin 
drift border, according to Leverett’s field maps (made available by Dr. 
G. H. Ashley). Contours, shown by dotted lines, are on an interval of 
100 feet, with sea level datum. The dot and dash line shows the boundary 
of the Hickory Run State Park. North is at the top. Drawn from the 
Stoddartsville, Penn., topographic map. 


627 
oo? 
Harrisburg 
| 


628 H.T.U. Smith—The Hickory Run Boulder Field, 


border of the Wisconsin drift lies between 1 and 2 miles north 
of the boulder field (fig. 2), and the Illinoian drift extends 
many miles to the south (fig. 1). Deposits conforming to 
Leverett’s description of the Illinoian drift are exposed in 
several cuts along the main road through the Hickory Run 
State Park and along State Highway 903 to the south. The 
cobbles and boulders in these deposits are mostly less than 2 
feet long and are predominantly of gray, greenish, and buff 
sandstone and orthoquartzite. No fragments of igneous or 
metamorphic rock were observed. The proportion of fine mate- 
rial is much larger than that of the cobbles and boulders. 


DESCRIPTION OF THE BOULDER FIELD AND ITS ENVIRONS 


The main section of the Hickory Run boulder field is a fish- 
shaped bouldery tract measuring roughly 400 by 1800 feet 
(AB on plate 1, fig. 1). Branching eastward from it is a 
subsidiary bouldery tract, the bare portion of which (CD on 
plate 1, fig. 1) is separated from the main boulder field by a 
zone of boulders that are partly covered by vegetation. 

The general surface of the boulder field is a barren expanse 
of jumbled cobbles and boulders of widely varied size and 
shape (plate 1, fig. 2), so loosely packed that some of them 
shift in position when walked on. Irregular hollows and project- 
ing boulders make for a very uneven surface, with a microrelief 
of about 4 feet. Despite the roughness in detail, however, the 
overall appearance of the boulder field is one of remarkable 
flatness, and the axial gradient, in fact, is close to 1°. The 
bareness of the boulder field is striking. Except for a few trees 
near the margins, vegetation is virtually absent, and no soil 
is to be seen on or between the boulders. 

Numerous individual boulders show rough surfaces, and many 
are pitted by weathering, particularly on the upper surface 
(plate 3, fig. 2). Spalling and splitting along joint planes are 
common also, The color of the rock in the greater part of the 
boulder field is dull reddish, but mottling by dark-colored lichens 
is widespread, Some boulders when broken open are seen to be 
darker inside than on the surface, indicating discoloration by 
chemical weathering. 

The boulder field is continuous from one side of the valley 
flat to the other. It has no surface drainage, at least in times 
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of ordinary runoff. Locally the sound of running water under 
the boulders is audible, and in three widely separated pits 
water level was seen to be from 4 to 6 feet below the average 
surface of the field. Along the southern margin of the boulder 
field the ground is swampy in places. The possibility that the 
surface of the boulder field might be flooded at times of heavy 
rainfall was suggested by the presence of debris draped around 
tree trunks in the area immediately downvalley from the boulder 
field. 

In traversing the boulder field, it is found that the surface 
characteristics and ease of walking are distinctly different in 
different sections. Toward the northeast (toward B on plate 1, 
fig. 1), walking is particularly difficult. The surface is extreme- 
ly uneven (plate 2, fig. 2), footing is insecure, and many blocks 
sway when stepped on. Large, upended blocks and slabs are 
particularly common. The average size of the blocks or boulders 
is somewhat larger than in the western section, angularity of 
outline is more pronounced, and tabular form is more common. 
The tumultuous appearance of the surface suggests arrested 
motion after forcible movement, somewhat in the fashion of an 
ice jam in a river. 

In the semidetached eastern section of the boulder field (CD 
on plate 1, fig. 1), blocks are much larger than in any other 
section. Many are 15 to 20 feet long, and some reach a maxi- 
mum of about 25 feet. Bedding planes in the various blocks 
show dips that are erratic both in amount and in direction. 
Surface irregularity is extreme (plate 2, fig. 1), with deep 
hollows and crevices between blocks, giving a microrelief of 
6 to 8 feet. The observer must climb or jump rather than walk. 

Lithologically also, the northeastern and eastern sections of 
the boulder field are different. In the eastern section (CD on 
plate 1, fig. 1) quartzitic conglomerate is the common rock. 
In the northeastern section (toward B on plate 1, fig. 1) quart- 
zitic sandstone is predominant, and the prevailing color is 
darker; conglomerate is rare, and where found it is generally 
much finer grained than in the eastern section. 

Toward the west, on the main section of the boulder field, 
surface roughness decreases and the proportion of smaller 
boulders increases. Near the western end (plate 3, fig. 1), the 
average size of the boulders is reduced to a few feet, and 
rounding is more noticeable. Walking is much easier here. 
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Subsurface characteristics of the boulder accumulation were 
observed at three well-separated places in pits excavated to 
water level, at depths of 4 to 6 feet. In two pits bottoms were 
seen to be sandy, and in the third bouldery. Above water 
level there is no interstitial material. The boulders are loosely 
packed and the proportion of open space is large. Boulders 
beneath the surface all show a conspicuous rusty-brown to 
black stain, and a few were incrusted completely with black 
mineral matter. In general, the boulders appeared to be of 
smaller average size below the surface than on the surface. 
Boulders below the surface also show less roughness than those 
on top. 


The margins of the boulder field are irregular, with consider- 
able interfingering of the bare area with the soil-covered area. 
At many places the transition is gradual. Locally near the 
east end of the boulder field, however, the break is sharp between 
the bare surface of the boulder field and the adjacent vegeta- 
tion-covered flat. The flat, if projected outward, would cover 
all but the higher points of the larger boulders beyond. The 
bouldery area appears to be expanding by marginal sapping 


of the soil-covered zone, as suggested by several small bouldery 
patches from which stripping of the soil is working outward, 
probably through the action of subsurface waters. 


Valley slopes bordering the boulder field are gradual at most 
places, although locally on the north side near the northeastern 
end the boulders pass up over slopes as steep as 23°. On the 
wooded slopes rising from the boulder field, numerous weather- 
beaten boulders project through the soil mantle, and small, open 
bouldery patches, surficially similar to the main boulder field, 
are widely though irregularly distributed. The general appear- 
ance is such as to suggest that, if the forest and the soil 
mantle were stripped off from the slopes, a bouldery surface 
similar to and continuous with that of the boulder field itself 
would be produced. 


Upvalley from the boulder field, narrow, irregular, and dis- 
continuous bouldery bands persist for several hundred feet. 
About half a mile east of the boulder field, at the head of the 
valley, there is a large, swampy flat bordered on the north 
side by rock ledges rising some 40 feet above the flat. These 
ledges are undergoing disintegration in place, and are mantled 
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by loose blocks. There is no indication of active creep toward 
the valley, and no appreciable talus at the base of the steeper 
ledges. That the rate of separation and removal of the blocks 
is slow compared with the present rate of weathering is sug- 
gested by a joint block that has been much rounded by weather- 
ing while the gap between it and the once contiguous facing 
block has not opened more than about a foot under gravitational 
movement. Further breakdown of the rounded, detached block, 
in place, is evidenced by a comparatively recent fracture 
separating a sizable segment of the block from its parent by 
about an inch, 

Downvalley from the boulder field is a tree-covered bouldery 
area with moss on the ground surface. Flowing water can be 
seen in scattered openings between the boulders. A definite 
stream emerges about half a mile below the boulder field. 


COMPARISON WITH OTHER AREAS 


Talus and other types of bouldery accumulations are well 
known in mountainous areas of strong relief and steep slopes. 
Accumulations of similar material on low gradients in areas 
of moderate relief, however, are much less common. Of those 
that exist, probably only a small proportion have been described 
in geologic literature, as they easily escape notice in wooded 
terrane, and furthermore have been of little interest to many 
geologists. Comparisons are therefore limited to a relatively 
small number of described localities. 

Ashley (1933, p. 89-91) has noted four bouldery areas in 
eastern Pennsylvania, popularly known as Devil’s Race Courses, 
and Peltier (1949, p. 73-74) has given additional data on 
block fields in the same region. None of the occurrences de- 
scribed by these workers have the areal extent and low gradient 
of the Hickory Run boulder field. 

Chadwick (1935) has reported a rock stream in New York, 
but he does not give sufficient detail to permit comparison. 

In Maryland and adjoining parts of West Virginia, “rock 
streams” up to about 1800 feet in length and 100 feet in width 
are found (Smith and Smith, 1945). Although having the same 
surface appearance as the Hickory Run boulder field, they 
differ in being narrower and in having a steeper gradient and 
a smaller range in the size of the boulders. 
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In Wisconsin, in the Baraboo section of the Driftless Area, 
there are several boulder fields and rock streams (Smith, 1949a), 
but all are smaller and steeper than at Hickory Run. 

In northern Sweden, boulder fields more or less similar to 
the Hickory Run occurrence have been described by Hégbom 
(1926). Various boulder accumulations in upland areas of 
central Europe have been described by many writers, but few 
if any of those occurrences are comparable to the Hickory 
Run occurrence in size and low gradient. 

Undoubtedly the closest parallel to the Hickory Run boulder 
field is found in the “stone rivers” of the Falkland Islands, in 
the South Atlantic. These features, made known by the classic 
descriptions of Charles Darwin (1846, p. 253-255), Sir Wy- 
ville Thomson (1877), and J. G. Andersson (1906, 1907), 
indeed may be regarded as the type example for this type of 
landform. The streamlike accumulations of blocks and boulders 
ramify through entire valley systems, and are bordered by 
bouldery, soil-mantled slopes rising to the hill crests, interrupted 
in places by bouldery tracts barren of soil. Differences between 
the Falkland Island and Hickory Run occurrences are mainly 
those of size and extent. 

In short, the Hickory Run boulder field is unusual, if not 
unique, among comparable accumulations of blocks and boulders 
on record in the United States by reason of its large extent 
and low gradient. It probably is matched by few of the described 
boulder fields of Europe, but it is dwarfed by comparison with 
the stone rivers of the Falkland Islands. 


ORIGIN 


Four possible modes of origin may be considered for the 
boulder field: (1) glacial or glaciofluvial deposition; (2) ac- 
cumulation as a residual weathering product; (3) accumulation 
as a lag deposit by more or less vertical settling of boulders 
during the erosional development of the valley; and (4) ac- 
cumulation by mass movement from the valley sides. Working 
hypotheses based on each of the above processes are given criti- 
cal examination below. 

The occurrence of the boulder field within a glaciated area 
naturally suggests the possibility of accumulation by glacial 
processes. Direct deposition from glacial ice, however, must be 
excluded because of the following considerations: (1) The 
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Vertical air photo of the Hickory Run boulder field. Contours 


a 5-foot interval with assumed datum, and are based on a plane 
survey. U.S. Dept. Agriculture, PMA, photo no. AQT-74-127, dated 


Fig. 2. View of the boulder field from a point near the upper or north 
eastern end, looking southwest. 
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View of the large conglomerate blocks in the eastern part of the 
boulder field (CD on plate 1, fig. 1). 


Fig. 2. Details of the surface of the boulder field toward its upper end, 


near the 25-foot contour of plate 1, figure 1, showing extreme irregularity, 


with upended blocks and slabs. 


PLATE 2 


Fig. 1. Surface appearance of the boulder field toward the western or 
lower end, near the LO-foot contour. 


Details of weathering features near the western end of the 
boulder field. 


PLATE 3 : 
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comparative flatness of the surface of the boulder field con- 
trasts sharply with topographic irregularity of most morainic 
deposits. (2) Numerous blocks in the boulder field are as much 
as 10 times larger than any observed in local exposures of 
till. (3) The boulder field fails to show the lithologic variety 
found in the local till. (4) Abundance of conglomerate blocks 
on one side of the boulder field as compared with their virtual 
absence on the other side points to strictly local derivation, 
and is incongruent with glacial deposition. (5) Boulder ac- 
cumulations surficially similar to the one at Hickory Run, 
though smaller in size and on steeper gradients, occur at 
distances of more than 100 miles outside of the glacial bound- 
ary. This same consideration, together with the size, composi- 
tion, distribution, and total volume of the boulders, also rules 
out the possibility of glaciofluvial deposition under any past 
drainage conditions that could reasonably be inferred at this 
locality. The possibility that the boulder field is underlain by 
glacial or glaciofluvial deposits, however, is not excluded. 

Accumulation of blocks or boulders as a residual product of 
mechanical weathering is generally accepted as characteristic 
of alpine areas where frost action is vigorous. A similar origin 
was postulated by Lozinski (1909, 1912) for certain ancient 
‘“‘felsenmeere” in upland areas of Europe, believed by him to 
date back to a time when periglacial or near-glacial climatic 
conditions prevailed. The efficacy of chemical weathering to 
produce similar results has been claimed by Penck (1924, p. 
54-57). To appraise the possibility of residual accumulation 
for the Hickory Run boulder field, it is necessary to ascertain 
whether the structural features and topographic relations of 
the boulder field are best explained with or without movement 
of the component fragments. 

The following structural characteristics of the boulder field 
are pertinent: (1) The sharp discordance in shape, size, and 
orientation of adjoining blocks and boulders, together with 
the large and irregular voids between them, indicates that 
something more than mere modification and loosening of rock by 
weathering along joints has taken place. (2) Except for the up- 
per surfaces of the topmost blocks, the same degree of weather- 
ing or lack of weathering is found on boulders throughout the 
vertical range exposed. This condition is more readily explained 
by transportation from a source area where all material received 
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similar preparation by weathering than by accumulation in 
place. (3) The tendency toward segregation of the larger 
boulders at the top of the accumulation is the opposite of 
what would be expected as a result of residual weathering per 
se. (4) The upended position of numerous blocks and slabs 
(plate 2, fig. 2), together with discordances in dip and strike 
of other blocks, indicates some lateral movement. 


The occurrence of the boulder field in a valley flat presents 
further difficulties to any hypothesis based on residual ac- 
cumulation, In such an area, there is normally a mantle of 
alluvium, laid down concurrently with stream erosion, which 
tends to protect the bedrock floor of the valley from weathering. 
Only if the alluvial cover were stripped off and further stream 
action halted could the bedrock floor of the valley be exposed 
to boulder-forming processes of weathering. The occurrence in 
a valley flat, furthermore, would make it difficult to exclude 
the possibility of derivation from the bordering bouldery slopes 
by mass movement, a phenomenon well established for compar- 
able areas ( Biidel, 1937). It must be concluded that interpreta- 
tion of the boulder field as a strictly residual weathering prod- 
uct is untenable. It is not impossible, however, that such an 
interpretation may apply to overgrown bouldery tracts on 
some parts of the adjoining valley sides or uplands. 


The hypothesis of lag accumulation of more resistant rock 
by gradual downsettling during valley growth goes one step 
beyond the residual weathering hypothesis. Davison (1889) 
invoked this mechanism to account for the stone rivers of the 
Falkland Islands, writing as follows: 


“ . in the Falkland Islands, we have . . . bands 


of hard quartzite separated by seams of soft and 
crumbling sandstone. When streams began to flow 
over the primitive surface of the country, they bore 
away the loosened debris of the softer bands, but the 
resulting blocks of quartzite were too heavy to be 
moved by them and hard enough to resist atmospheric 
disintegration. The streams then flowed across and 
below the blocks, and continued to remove the softer 
bands beneath, working their way from side to side of 
the valleys. The quartzite blocks thus gradually sub- 
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sided vertically all over the valleys, most along the 
axis and in the lower regions. 

**. .. the formation of the stone rivers has all along 
taken place concurrently with the excavation of the 
valleys.” 


A modified and less extreme version of this hypothesis has 
been advocated recently by Joyce (1950), with particular 
reference to block accumulations on valley sides in the Falk- 
land Islands, Assuming that the valleys were already in exist- 
ence and were steep-sided, and that frost weathering was effec- 
tive, he stated that: 


“Where shales underlie the quartzite, there would 
be a progressive undercutting and the frost-parted 
blocks would in the course of time be detached from 
the scarps. The blocks would remain almost in the 
position where they fell, and thus would carpet the 
area over which the scarps retreated.” 


Davison’s hypothesis has gained no acceptance by other 
investigators. It assumes that water flowing on low gradients, 


under a block mantle necessarily offering high frictional resist- 
ance to flow, could have sufficient velocity to erode the bedrock 
floor of the valley more rapidly than the blocks are reduced 
by weathering. Merely to state the hypothesis in these terms 
suffices to label it as unacceptable—out of keeping with modern 
concepts of erosional dynamics, and unsupported by observa- 
tion on present-day erosional processes. 

A subhypothesis of lag accumulation along the sides of pre- 
existing valleys during the process of valley widening may be 
considered separately, first in general terms and then with 
reference to the Hickory Run locality. This hypothesis assumes 
the gradual and passive settling of blocks of the more resistant 
rocks as the less resistant rock beneath is removed by erosion. 
It is implied that any lateral component of block movement is 
subordinate to the vertical component. Unfortunately, no criti- 
cal field studies on lag accumulation are available for guidance 
in evaluating the effectiveness of the process under particular 
conditions. Simple deductive analysis, however, suggests limita- 
tions and points to consequences that may be checked against 
field data. The essential part of the process of lag accumula- 
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tion is, of course, removal of the less resistant rock material 
beneath or between the more resistant layers, and it is unlikely 
that any agent except running water could be very effective 
in this capacity. The rate of removal thus should depend both 
on the degree of erosibility of the non-blockforming rock and 
on the velocity of flow, which, in turn, should vary directly 
with the steepness of the slope and with the amount of space 
between the settling blocks. Assuming favorable lithologic 
conditions, lag accumulation then would be expectable to a 
significant extent primarily in areas of relatively steep slope. 
Whether the process could be operative on moderate slopes 
is open to question, unless the blocks are spaced widely. If 
operative at all on moderate gradients with close spacing of 
blocks, it should be exceedingly slow, being limited by the rate 
at which weathering could produce material sufficiently fine 
for pickup by the slow-moving waters weaving between and 
beneath the blocks. Under such conditions, the blocks should 
be of progressively greater age from the sides toward the 
center of the valley and should exhibit a corresponding sys- 
tematic increase in the degree of weathering. At the Hickory 
Run boulder field the slopes are too low and the spacing of the 
boulders is too close to be favorable for lag accumulation, and 
no significant differences in degree of weathering are observed 
in a cross-valley direction. The hypothesis of lag accumula- 
tion per se must therefore be discarded. 

There remains to be considered the hypothesis of mass move- 
ment, in which the lateral component of movement greatly 
exceeds the vertical components, and the coarser and finer prod- 
ucts of weathering move downslope together. In varied forms, 
this process has been advocated by many investigators, both 
for the stone rivers of the Falkland Islands and for boulder 
accumulations elsewhere. Sir Wyville Thomson (1877a, p. 245- 
249, b) early attributed the stone rivers of the Falkland Islands 
to the gradual creeping of blocks and soil from bedrock ledges 
on the valley sides, presumably proceeding now at the same rate 
as in the past. Geikie (1877, 1894, p. 722-723) accepted the 
general idea of mass movement, but he believed that it took 
place more rapidly during a shorter interval, at a time when 
climatic conditions were more severe and frost action more 
intense than at present. Andersson (1906, 1907) particularized 
further on the concept of mass movement. In the light of ob- 
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servations in present-day Arctic regions, he described the proc- 
ess of “solifluction,” or “slow flowing from higher to lower 
ground of large masses of waste saturated with water.” He 
regarded the stone rivers of the Falkland Islands as “fossil” 
products of that process, dating back to a time when a more 
frigid climate accompanied the glaciation of nearby regions. 
The bareness of the more conspicuous parts of the block accu- 
mulations he attributed to “a secondary washing away of the 
finer material that once filled the interspaces between the big 
blocks or carried parts of them on its surface.” 

Subsequent to Andersson’s work, the term “‘solifluction” came 
into widespread though varied usage, its relation to areas of 
perennially frozen ground was noted, and the past action of 
the process, under periglacial climatic conditions, was hypothe- 
sized by Salamon (1917) and others (Smith, 1949b) to ac- 
count for various block accumulations in Europe. The latter 
extension of the solifluction interpretation, however, was chal- 
lenged by Penck (1924, p. 85-88), who doubted whether the 
process of solifluction was necessarily related to periglacial 
climatic conditions and questioned whether the supposed ‘“‘fos- 
sil” solifluction features were truly comparable to features 
observed in Arctic regions. Perhaps a need for more critical 
study was indicated by Penck’s objections. In any event, later 
workers, by finding casts of ancient ground-ice wedges, and 
related frost phenomena, did provide confirmatory evidence of 
the supposed former periglacial climatic regime, and Biidel 
(1937) demonstrated that block accumulations which had moved 
long distances on low gradients were immobile during post- 
glacial time. 

Although Andersson’s general hypothesis for block or boulder 
accumulation has been accepted, some details of the process 
have remained open to question. Joyce (1950) has pointed out 
specific mechanical difficulties with Andersson’s original inter- 
pretation, noting the great resistance to movement offered by 
blocks jammed so closely together and the lack of sufficient 
soil material to have served as a transporting medium. Earlier 
studies by Eakin (1916, p. 76-82) and by Kessler (1925, 
p. 105-111) suggest that an answer, or partial answer, to such 
objections may be found in the net downslope movement effected 
by frost heaving alternating with gravitational settling of 
blocks. Although much remains to be learned about the details 
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of the mass movement process, it does seem clear that intense 
frost action, in one form or another, is a major factor in 
vigorous mass movement of coarse material. 

From the foregoing discussion, it may be concluded that 
elimination of competing hypotheses, together with the precedent 
established in other areas for similar accumulations, leaves mass 
movement of blocks from the adjacent valley sides as the 
preferred hypothesis for the origin of the Hickory Run boulder 
field. It remains to particularize on the local application of 
this hypothesis, especially with reference to the probable time 
and conditions of origin. 

At present there is no indication that mass movement is 
active. The growth of vegetation is undisturbed, and the in- 
dividual boulders are gradually breaking down in place (plate 
3, fig. 2), with chemical weathering apparently more active 
than mechanical weathering, the process by which the boulders 
must have been shaped originally. The mineral staining and 
coating on boulders beneath the surface, furthermore, are un- 
marred, indicating that deposition proceeded to completion and 
was left thereafter without disturbance by further movement 
of the boulders. The boulder field thus appears to be stable 
at present and to have remained so for a considerable interval 
of time. 

Further evidence relating to the time and conditions of boulder 
accumulation is indirect. It is found in the comparative weather- 
ing of boulders in different parts of the accumulation and in 
the relation of the boulder field to the valley bottom. Boulders 
of the same lithology show essentially the same range in size 
and the same degree of weathering in the different parts of the 
boulder field and on the uncovered parts of the adjoining slopes ; 
neither characteristic shows any systematic change in a cross- 
valley direction. It is therefore indicated that the boulders were 
all formed and moved to their present position in one limited 
interval of time, and much more rapidly than they could have 
been broken down into smaller fragments by continued weather- 
ing during transportation or for a long time after accumula- 
tion. In terms of present-day processes in the area, this re- 
presents a decidedly anomalous situation. 

The extension of the boulder accumulation across the entire 
valley bottom indicates an interruption of the normal progress 
of stream erosion. Running water is powerless to move the large 
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boulders in its way, under any conceivable conditions of volume 
and gradient in this area, and must remain so until the boulders 
are gradually reduced to much smaller particles by weathering. 
Previous erosion of the bedrock valley could have taken place 
only in the absence of such a supply of coarse material. It is 
evident that the pre-existing balance between stream trans- 
portation and the supply of material from the bordering slopes 
must have been completely disrupted for a time. 


The above data indicate that the accumulation of the boulders 
marks a limited interlude in the late geomorphic history of 
the area, a time characterized by conditions and _ processes 
notably different from those now prevalent. The one event in 
the local geologic history that could have produced such a 
change was the advent of glaciation and the associated climatic 
refrigeration. This would have placed frost action in the domi- 
nant role, both for weathering and for the transportation of 
weathering products, as nearly as can be judged from present- 
day analogues of the near-glacial environment. The development 
of the boulder field is thus best explained as a result of peri- 
glacial conditions accompanying one or more substages of the 
last glaciation, and terminated by deglaciation (cf. Denny, 
1951). More specific evidence for dating is not yet available 
in the area studied, but a date has been established in European 
areas where comparable accumulations are found under a cover 
of undisturbed bog deposits with a complete postglacial pollen 
sequence (Biidel, 1937, p. 22). 


From the evidence of the boulder field itself, little can be 
said about the nature of the periglacial climatic conditions 
except that the inferred frost action required more frigid con- 
ditions than now prevalent. It seems probable also that tem- 
perature was lowered sufficiently to cause the development of 
perennially frozen subsoil, or permafrost. This has been estab- 
lished for European areas in which comparable boulder ac- 
cumulations occur (Poser, 1947), and, in the light of avail- 
able information on the mechanics of the process, it would be 
more difficult otherwise to explain the mass movement of coarse 
material on low gradients. Specific confirmation, however, must 
await the finding of other more diagnostic phenomena in the 
area, Other aspects of the periglacial climate are discussed by 


Peltier (1949, p. 131-139). 
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The bareness of the boulder field is best explained as a 
secondary feature due to the gradual flushing of interstitial 
fine material by running water, as originally suggested by 
Andersson (1906). It seems unlikely that the boulders could 
have moved to their present position without an interstitial 
filling of soil material to retain moisture, reduce friction, and 
promote frost heaving. Although some flushing may have taken 
place pari passu with accumulation, it is believed that this 
process did the major part of its work after accumulation of 
the boulders was completed. In marginal parts of the boulder 
field, it appears still to be in progress. Gradual extension of 
flushing upvalley would account for the somewhat more weath- 
ered appearance of boulders toward the western end of the 
boulder field, on the basis of their having been uncovered and 
exposed to weathering for a longer time. 


CONCLUSIONS 


The Hickory Run boulder field is an anomalous feature in 
terms of present-day processes in its locale. It is best explained 
as a relict or “fossil” phenomenon, dating back to a time when 
glaciation of adjoining territory was attended by more frigid 


climatic conditions. It is believed to represent a special, local 
facies of a more extensive rubble deposit, formed by accelerated 
mechanical weathering and mass movement related to intensified 
frost action, probably with perennially frozen subsoil. These 
processes were actuated with the advent of Wisconsin glacia- 
tion, and for a time were so vigorous as to interrupt the 
normal progress of stream erosion, mantling the slopes and 
choking the stream valley with debris too coarse for running 
water to move. When deglaciation brought climatic amelioration, 
frost action lost its effectiveness, and “normal” processes of 
weathering and erosion by running water returned, working 
now toward the very gradual reduction and removal of the 
rubble inherited from the preceding episode. As a first step, 
interstitial soil material was flushed from the bouldery ac- 
cumulation along the valley bottom, producing the barren 
aspect now so striking. 

The large size and low gradient of the boulder field, which 
make it an unusual example of its kind, are interpreted as 
due to proximity to the glacial border, making for maximum 
intensity of the periglacial processes. 
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THE GOODSPRINGS DOLOMITE AT 
GOODSPRINGS, NEVADA* 


JOHN C. HAZZARD AND JOHN F. MASON 


ABSTRACT. A study of the Goodsprings dolomite in its type area 
has resulted in: (1) discovery of Lower and lower Middle Cambrian 
fossils at Sheep Mountain, east of Jean, Nevada, and the revision of 
formation boundaries and names thereby rendered necessary; (2) recogni- 
tion of the presence of an unconformity between the Middle Cambrian 
and the Devonian beds, and the more precise location of the base of the 
latter; (3) extension of the formational terms, Cadiz, Bonanza King, and 
Cornfield Springs, and the term Silver King dolomite member, originally 
applied to stratigraphic units in the Marble and Providence Mountains, 
to formations comprising the larger portion of the lithologic unit in the 
southern Spring Mountains termed by Hewett the Goodsprings dolomite. 


INTRODUCTION 


HE Goodsprings dolomite was described in 1931 by 
Hewett in a report on the geology of the Goodsprings quad- 
rangle, Nevada (Hewett, 1931, p. 11-13). It was stated that 


this lithologic unit includes “beds ranging in age from Upper 


Cambrian, through Ordovician and Silurian, and possibly into 
the Devonian.” In the course of mapping in the Providence 
Mountains in California, about 50 miles southwest of Good- 
springs, there were found lithologic units analogous to portions 
of the dolomite at a comparable position in the section (Haz- 
zard and Mason, 1936a). Strict correlation proved unfeasible, 
owing to the presence of Middle Cambrian fossils in the upper 
beds in the Providence Range, and to the lack of a detailed 
section of the Goodsprings in the type area. To make possible 
a more exact correlation between the two regions, it became 
necessary to examine the Goodsprings dolomite at its typical 
exposures, as well as the overlying and subjacent formations 


*This paper was prepared originally in 1935, using paleontological and 
stratigraphic terminology then current. The authors have been requested 
by present-day workers in the southern Great Basin to make available the 
information which it contains. Present circumstances do not permit the 
restudy of the fossil collections in order to bring the nomenclature up 
to date, nor is it possible at this time to review the field evidence or the 
many published contributions to the stratigraphic knowledge of the Great 
Basin made since 1935. However, it is believed that the field work and 
stratigraphic conclusions of this study are still valid, and the paper is 
submitted in full recognition of the limitations suggested above. 
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(Hazzard and Mason, 1936b; Mason, 1936). This work was 
facilitated by the able field assistance of William Roeseler. 
Fossil] material obtained by the writers is deposited in the 
collections of the Department of Geology, Princeton University. 

Though no type section of the Goodsprings dolomite is cited, 
it is noted that “a complete section of the formation is 
exposed at the southeast end of Sheep Mountain, east of Jean, 
and the thickness of 2500 feet was measured there” (Hewett, 
1931, p. 12). In the same vicinity, in Sec. 32, T. 25 S., R. 
60 E., Hewett measured the section from the base of the Good- 
springs to the base of the Cambrian, and the names “Bright 
Angel shale” and “Tapeats sandstone” were applied (Hewett, 
1931, p. 11). Good exposures of the upper Goodsprings dolo- 
mite were said to be available near the Lincoln and Mobile 
mines. Place names in the vicinity of Goodsprings mentioned in 
this paper may be located upon the maps accompanying 
Hewett’s report on the area. 


SHEEP MOUNTAIN SECTION 


The base of the Goodsprings was reported by Hewett to be 
best exposed in the southeastern portion of Sheep Mountain, 
so attention was first turned to that area. The section which 
follows is that measured by Hewett with additions and changes 


by the authors (fig. 1). 


MIDDLE CAMBRIAN: 


(IV) Bonanza King formation 


Unit differentiated from the Cadiz(?) below by 
almost complete absence of brownish-weathering 
material and by the usually darker gray color 
and the more massive bedding. 
(Thickness measured 
by the writers) 


(E33) Comte?) 420 feet 


5. Limestones, dark gray, in beds 1 to 3 inches 
thick; irregular parting surfaces. In some 
places the unit tends to weather so as to 
appear quite massively bedded. Sporadic lime- 
stone pebble lenses throughout. In upper two- 
thirds of unit occur brownish-weathering 

bands and irregular areas in the dark lime- 


2 


stone matrix. These beds are the “uncommon 
sediments” whose similarity to the Muav lime- 
stone of the Grand Canyon area is referred to 
by Hewett. Arborescent worm tubes in the 
middle portion of the unit ................ 


. Limestone, dark gray, massive-weathering. 

This member forms a distinct vertical cliff 

above unit (III, 3). At the extreme south- 

eastern end of Sheep Mountain the unit is set 

off by an overlying bench. Algal(?) “nodules” 

in lower portion. Fossils in uppermost beds: 
Clavaspidella howelli ? (Walcott) 
Glossopleura sp. 


. Limestone and shale. Most of outcrop is 
covered by talus. Thicknesses within unit are 


f. Covered (platy limestone ?) ............ 
e. Greenish-gray platy shales ............ 


d. Platy-weathering, gray to greenish-gray, 
abundantly glauconitic limestone-pebble con- 
glomerate in layers 14 to 3 inches thick. 
Average diameter of pebbles less than 1% inch. 
Fossil collection: 

Hyolithes sp. 

Alokistocare aff. A. althea (Walcott) 

“Dorypypge” quadriceps (Hall and Whit- 

field) 

Cystoid plates 
c. Light gray limestone with yellowish-brown 
markings. Weathers into plates 1 to 3 inches 
b. Greenish-gray to maroon paper shale. Fos- 
sil collection: 

Lingulella sp. 

Alokistocare sp. ct. A. subcoronatum (Hall 

and Whitfield) 

Glossopleura sp. 
a. Reddish-brown and gray-weathering lime- 
stone in layers 1 to 6 inches thick. Thin green- 
ish-gray shale interbeds. 
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200 feet 


40 feet 


110 feet 
35 feet 
5 feet 


25 feet 


10 feet 


10 feet 


25 feet 
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2. Limestone, medium to dark gray with 
sporadic areas of light gray dolomite. Upper 
few feet weather locally to reddish-brown and 
contain much trilobitic debris. Beds up to 3 
feet thick. Lower portions contain thin platy 
limestone in layers 3 to 6 inches thick with 
yellowish-brown mottling. Unit forms a promi- 
nent series of low cliffs along the base of the 
mountain front. Fossils from upper 2 feet: 

Elrathia sp. 
Glossopleura sp. 
60-67 feet 


. Sandstone, cross-bedded, limy, buff-weather- 
ing, vellowish-brown to gray on fresh surfaces. 
Sporadic pebbles and occasional ripple marks 
in the lower 2 feet. Beds 4 to 18 inches thick. 
The basal one foot contains trilobites and an- 
nelid burrows 14, to 14 inch in diameter normal 
to the bedding. Fossil collection: 

Scolithus sp. 
Obolus sp. 
A new species of gastropod referred to a 
new genus 
Agraulos sp. 
3-10 feet 


Disconformity ? 


LOWER CAMBRIAN: (Section below measured 
by Hewett) 


(IT) 238 feet 
(“Bright Angel” shale of Hewett) Two fossil 
collections were made from this member, one 
from the 7-foot greenish micaceous shales, 21 
feet above the base (zone of Hewett’s fossil col- 
lection 2c), the other from a 55-foot, dark red- 
dish-brown sandstone, 61 feet above the base 
(zone of Hewett’s fossil collection 2d). Trilobitic 
debris occurs 150 feet above the base. Fossil col- 
lection from 55-foot sandstone: 
Mesonacis fremonti (Walcott) 
Mesonacis sp. cf. bristolensis (Resser) 

Fossil collection from 7-foot shale: 
Mesonacis sp. 
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Hewett’s section apparently does not include 100 
feet or more of maroon to brown, platy sand- 
stone and sandy shale lying immediately below 
unit (III, 1) (see fig. 1). In the topmost portion 
of these beds some platy to paper-thin, greenish- 
gray, micaceous shale occurs as_ interbeds 
between the reddish layers. Ripple marks, local 
cross-bedding, and raindrop imprints(?) are 
common. 


(I) Sandstone and sandy conglomerate ............ 129 feet 

(‘“Tapeats” sandstone of Hewett) The base 

of the unit, where examined by the writers, is a 
reddish-brown pebble and cobble conglomerate 
estimated to be 10 feet thick. Pebbles and cobbles 

are well rounded with a maximum size of 4 

inches. Most common rock types are red jasper, 

white vein quartz, reddish and gray quartzite. 

Matrix material is similar in composition; 

grains commonly subangular. 


Unconformity 
ARCHEAN 
Reddish granite gneiss. 


Four fossil collections were reported by Hewett from this 
section: two from the *’Tapeats sandstone” and two from the 
“Bright Angel shale.” Of these collections, the only one which 
yielded specifically determinable material came from the lower 
3 feet of the *““Tapeats sandstone” (Hewett’s collection 2a). 
Kirk identified Billingsella coloradoensis (Shumard) and trilo- 
bitic fragments. On this basis the beds were assigned to the 
“Bright Angel shale” and considered of Upper Cambrian age. 
Hewett accepted the correlation with the Bright Angel shale 
as corroborated by Noble, but changed the age assignment to 
Middle Cambrian (Hewett, 1931, p. 11). 

The collections made by the writers show that Hewett’s 
“Tapeats sandstone” and “Bright Angel shale” are of Lower 
Cambrian age. Therefore the further use of these formation 
names for the beds at Sheep Mountain seems unwarranted, The 
fauna found by the writers is as a whole very similar to that 
of the Lower Cambrian shale in the Providence and Marble 
Mountains. 
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Section Meosured by the 


Section Meosured by OF Hewett 


SHEEP MT., JEAN. NEVADA. 
Lower and lower Middle 
Cambrian Section 
Hozzord and Mason. 1935. 
= 
=is q Limestone, dark gray, platy with 
an r limestone-pebble conglomerete and 
brownish weathering areas. Wo 
3 fossils found. 
§ 6 
= 
2 | $15 fe Limestone, dark gray, massive and 
ai a. 
zis - - Limestone, gray, brown to gray- 
313 To 5 weathering; limestone-pebble conglom- 
t® erate with much glauconite; greenish 
4 H+® paper-shale. 
Limestone, medium to dark gray, in 
part platy. 
2 = Sandstone, limy,cross-bedded and pebbly. 
3S She Shaler, sandy, maroon to brown, and 
2 platy brown sandstone. No fossils 
gic found. 
2 
7 o 
=| 
«|? 
= 
= Sandstone and sandy pebble conglom 
fo erate. No fossils found. (Hewett's 
st “ _ collection 2a from basal 3 feet) 
a 
ie. 
Uncontormity 
Archean 
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From a comparison of Hewett’s section with that herein 
given it appears that the basal Middle Cambrian sandstone and 
limestone, units (III, 1) and (III, 2), here assigned to the 
basal portion of the Middle Cambrian Cadiz(?) formation, were 
considered to be the basal units of the Goodsprings dolomite. 
Lithologically the beds here assigned to the Cadiz(?) are similar 
to the upper 75 feet of the type Cadiz in the Marble Mountains 
(Hazzard and Mason, 1936a). It is to be noted that no beds 
are herein included within the Cadiz(?) which are lithologically 
comparable with the reddish shales and maroon quartzites 
placed in the lower portion of the Cadiz formation at its type 
locality. For this reason the use of the term Cadiz at Sheep 
Mountain is as yet tentative. It is possible that the reddish 
shales and sandstones here placed in the upper portion of the 
Lower Cambrian are the equivalents of similar beds in the 
typical Cadiz. 

The fauna obtained from the basal bed of unit (III, 1) of 
the Sheep Mountain section is indeterminate of Lower or lower 
Middle Cambrian age. However, the Lower to Middle Cambrian 
boundary is placed at the base of this unit forthe following 
reasons: (1) a definitely Middle Cambrian fauna occurs 65 
feet above, at the top of unit (III, 2) ; (2) no marked lithologic 
break occurs between the base of unit (III, 2) and the top of 
unit (III, 1); (3) there is an abrupt lithologic change at 
the base of this latter unit. The larger part of the Cadiz(?) 
formation at Sheep Mountain is characterized by a somewhat 
generalized Middle Cambrian fauna closely correlative with the 
type Cadiz which is of about the same age as the Chisholm shale 
in the Highland Range, Nevada. 

The Sheep Mountain section differs from the Lower and 
Middle Cambrian sections in the Marble and Providence 
Mountains in the following respects: (1) At Sheep Mountain 
there is no certain lithologic or faunal equivalent to the Lower 
Cambrian algal limestone member recognized in the Marble 
and Providence Mountains. Probably this unit thins and dis- 
appears eastward or becomes more clastic and loses its in- 
dividuality. (2) Reddish to maroon shales and _ brownish 
quartzites are present both at Sheep Mountain and in the 
sections to the southwest. At the type locality of the Cadiz 
formation, these rather distinctive rocks were assigned to that 
formation ; at Sheep Mountain the lithologically similar member 
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has been placed in the Lower Cambrian, as pointed out above. 
It is for this latter reason that the term Cadiz(?) has been used 
at Sheep Mountain. (3) The Cadiz(?) at Sheep Mountain 
contains less clastic material than the Cadiz formation at its 
type locality. Also there appears to be no southwestern cor- 
relative for the cliff-forming 40-foot limestone near the middle 
of the Sheep Mountain Cadiz(?) section. 

The term Bonanza King formation, here applied to the por- 
tion of the section immediately above the Cadiz( ?), was original- 
ly applied to a similar lithologic unit lying above the Cadiz 
in the Providence and Marble Mountains (Hazzard and Mason, 
1936a). Its use is hereby extended. 


LINCOLN MINE SECTION 


Hewett notes that near the Lincoln mine “the upper 1050 
feet of the (Goodsprings) formation is exposed. .. . The upper- 
most part, about 1000 feet thick, is composed of uniformly 
light smoky-gray medium-crystalline dolomite. Under this is 
a layer of dolomite 50 to 100 feet thick, similar in texture 
but very dark smoky-gray. This darker dolomite in turn is 
underlain by the lowest layer, which has the color, texture, 
and composition of the uppermost layer” (Hewett, 1931, p. 
12). Near the top of the section of the Goodsprings dolomite 
in Sheep Mountain occurs a very dark gray dolomitic unit 
about 200 feet thick which is well exposed along the ridge a 
mile east of Jean. The dark smoky-gray dolomite of the sec- 
tion near the Lincoln mine is considered the equivalent of the 
dark dolomite high m the Goodsprings on Sheep Mountain. 
There follows a partial section of the Goodsprings dolomite 
southwest of the Lincoln mine: 


(Thicknesses and descriptions 
from data given by Hewett, 
with additions by the writers) 
DEVONIAN: 


(VII) Ironside dolomite member (Mapped as _ lowest 
unit of the Sultan limestone of Devonian age.) 


(VI) Devonian beds mapped as Goodsprings dolomite 
by Hewett. 


2. Light to medium smoky-gray dolomite . . . .60-100 feet 
1. Sandstone 


~ “ 
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Unconformity 


MIDDLE CAMBRIAN;: 


(V) 


(IV) Bonanza King formation 


Cornfield Springs formation 
2. Dolomite, light smoky-gray, medium-crystal- 


line, in beds up to 3 feet thick 
Dolomite, limestone and shale. Lower 35 
of the unit is a buff-weathering, sandy dolo- 
mite in beds up to 1 foot thick, with platy 
dolomite interbeds. Thin, gray, platy 
to paper-shale bed 4 to 5 feet thick in the 
basal portion. A few thin quartzite beds 
present as indicated by float material. About 
25 feet above the base is a 2-foot bed of 
medium-gray, coarsely crystalline fossilifer- 
ous limestone with a brown mottled surface. 
Upper 40 feet of the unit comprises buff- 
weathering sandy dolomite beds 1 to 2 feet 
thick. Sand content less than in lower layers. 
Whole unit forms a distinct bench on moun- 
tain slope. 
Fossils: 

Algal “nodules” 

Iphidella pannula cf. JI. ophirensis 

(Walcott) 

Obolus mcconnelli pelias (Walcott) 

Obolus sp. 

Elrathia cf. E. kingi (Meek) 


3. Dolomite, light gray to very light buff on 


weathered surface. Distinctly bedded in 
layers 6 inches to 3 feet thick; average from 
1 to 2 feet; more thinly bedded in upper por- 
tion. Top 50 feet contains sporadic chert 
nodules and angular chert fragments which 
weather to a dark rusty brown. Unit distinct- 
ly cliff-forming 


. Silver King dolomite member. Very dark 


smoky gray dolomite more or less massive 
weathering, with inconspicuous beds 6 inches 
to 10 feet thick. Forms an easily recognizable 
unit along the base of the range south of the 
Lincoln mine. Upper portion is a transition 


650+ feet 


575+ feet 


75 feet 


2060+ feet 


270 feet 
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zone 20 to 25 feet thick in which light gray 

beds, averaging 1 foot in thickness, alternate 

with darker beds 2 to 3 feet thick. Base of 

unit is somewhat indistinct 190 feet 
. Lower units of the Bonanza King formation 

exposed on Sheep Mountain. Thickness esti- 

mated from data given by Hewett and in- 

formation obtained by the writers 1600+ feet 


The faunal horizon discovered southwest of the Lincoln 
mine, in unit (V, 1), is the only abundantly fossiliferous zone 
known from the Goodsprings dolomite.’ This zone was first 
found in the lowermost portion of the Cornfield Springs forma- 
tion in the Providence Mountains (Hazzard and Mason, 1936a), 
whence it was determined to be of Middle Cambrian age. The 
similar lithology and identity of fossils leads to the extension of 
that formation name to the southern Spring Mountains. As can 
be seen from the section given above, the top of the dark smoky- 
gray dolomite horizon, unit (IV, 2), is placed 290 feet below 
the base of this faunal zone. In the Providence Range a very 
similar lithologic unit, the Silver King member of the Bonanza 
King formation, is present 225 feet below the basal Cornfield 
Springs beds. For this reason unit (IV, 2) is considered to be 
approximately equivalent to it, and the term Silver King mem- 
ber is also extended to the Goodsprings quadrangle. 


MOBILE MINE SECTION 


The uppermost portion of the Goodsprings dolomite was 
examined near the Mobile mine, where the relation to the basal 
Devonian is well displayed. The Ironside dolomite member of 
the Devonian is present at both the Lincoln and Mobile mine 
localities, and it is taken as a datum for comparison. Ap- 
parently Hewett did the same, for it is stated that the 10- 
foot sandstone, unit (IV, 1) of the Lincoln mine section, is 
“at a similar position in the formation” as “a layer of dolo- 
mitic and sandy shale 50 to 75 feet thick, 60 to 100 feet below 
the top of the (Goodsprings) formation” and that “this layer 
of shale is well exposed south of the Mobile mine and in the 
workings of the Kirby mine” (Hewett, 1931, p. 12). There fol- 
lows a section taken west of the lower tramway terminal at the 
Mobile mine. 


1It is possible that Hewett’s fossil collection 83 came from this horizon. 
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(Thickness estimated) 
DEVONIAN: 


(VII) Ironside dolomite member (Mapped as lowest unit 
of the Sultan limestone of Devonian age.) 


(VI) Devonian beds mapped as Goodsprings dolomite by 
Hewett. 
2. Dolomite and sandy dolomite 135+ feet 
d. Light gray to very light buff-weathering 
dolomite in beds 6 inches to 1 foot thick ....40-50 feet 
c. Light buff platy to blocky dolomitic 
sandstone 40-50 feet 
b. Dark gray dolomite mottled with light 
gray. Lithology similar to the Ironside dolo- 
mite. Layers 1 to 8 inches thick with irregular 
parting surfaces. 
Fossils: 
Atrypa sp. 
Corals, several spp. 


a. Light buff dolomitic sandstone in layers up 
to 6 inches thick. Sporadic small subangular 
pebbles. Thickness of unit variable along the 
strike 20-30 feet 


Unconformity 
MIDDLE CAMBRIAN: 
(V) Cornfield Springs formation 


The fauna collected by the writers from unit (VI, 2, b) of 
the above section confirms the assignment of the horizon of 
Hewett’s fossil collection 60c to the Devonian, which established 
the Devonian age of the uppermost beds mapped as Good- 
springs dolomite. An unconformity at the base of the Devonian 
appears to be indicated by the variability in lithology and 
thickness of unit (VI) in the Goodsprings region, and by a 
comparison of this section with that in the Nopah Range, 30 
miles to the northwest of the Goodsprings quadrangle, and with 
the section in the Providence Range 50 miles to the southwest. 

In the Goodsprings area the unconformity is not distinct, 
and the easily recognizable base of the Ironside member, not 
far above, was mapped as the base of the Devonian. Unit (VI) 
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was described by Hewett at four localities (Hewett, 1931, p. 
12, 13 and 142): 


(1) Near the Mobile mine, where as reported above, 135+ feet 
of beds comprise gray and buff dolomites, dolomitic sand- 
stone, and dark gray fossiliferous dolomite. 


On both sides of the ridge west of Kirby Wash where 50-75 
feet of dolomite and sandy shale are present 60-100 feet 
below the base of the Ironside dolomite. In the workings 
of the Kirby mine 20 to 40 feet of alternating greenish shale 
and beds of dolomite were assigned a stratigraphic position 
“about 200 feet below the Ironside dolomite.” 


West of the Lincoln mine, at which locality 10 feet of sand- 
stone is separated from the base of the Ironside by 60 to 
100 feet of light to medium smoky gray dolomite. 


(4) In the north central part of NW 4 Sec. 29, T. 25 S., R. 
58 E. (Hewett’s fossil locality 60c), where sandy dolomite 
occurs about 100 feet below the base of the Ironside dolomite. 


All the Cambrian stratigraphic elements above the Cadiz(?) 
which are present at Goodsprings are likewise recognizable in 
the Nopah Range, together with 1740 feet of Upper(?) Cam- 
brian, 2105 feet of Ordovician, and 335 feet of Silurian( ?) 
beds. The Cornfield Springs formation in the Nopah Range 
comprises 2800 feet of beds below an Upper(?) Cambrian 
faunal horizon. When these thicknesses are compared with the 
650+ feet of Cornfield Springs strata near Goodsprings, the 
possibility that the latter exposures represent only the basal 
portion of the unit becomes apparent. A similar relationship 
is present in the Providence Mountains where a sandy dolomite 
at the base of the Devonian rests unconformably on the 750 
feet of beds there assigned to the Cornfield Springs formation. 
No Upper Cambrian, Ordovician, or Silurian beds are recog- 
nized. The writers have had little hesitancy in assigning all 
the beds within unit (V) of the section given above to the 
Middle Cambrian Cornfield Springs formation. 

The unconformity placed 135+ feet below the Ironside dolo- 
mite in the vicinity of Goodsprings is taken to represent more 
than 6000 feet of beds which are present in the Nopah Range 
but not found at Goodsprings. The pre-Devonian break in the 
Nopah Range is about 280 feet below a dark dolomitic member 
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of the Devonian, possibly correlative with the Ironside dolo- 
mite. At least locally the unconformity is there of such angu- 
larity as to cut out about 300 feet of Silurian(?) beds within a 
mile along the strike.* 
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2 Data on this relationship were published after the writing of the above, 
in Hazzard, 1937, p. 327. 
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A NEWLY SURVEYED SUBMARINE BASIN 
OFF MEXICO* 


K. O. EMERY 


ABSTRACT. Physical oceanography and bathymetric survey techniques 
were employed to establish that a 1500-square-mile area of the sea floor 
off Mexico is a closed basin. This basin has physiographic and oceano- 
graphic characteristics similar to others in the more thoroughly studied 
submarine region off southern California. 


INTRODUCTION 


URING the past two decades the U. S. Coast and Geodetic 

Survey has largely resurveyed the submerged margins of 
the United States using sonic sounding equipment and electronic 
position finders. In the area off southern California these surveys 
form the basis of charts that have a 50 fathom contour interval 
(Shepard and Emery, 1941; and U. S. C. & G. S. chart no. 
5101). The charts show a number of basins separated by 
banks or islands and forming a checkerboard pattern. Just 
as on other such charts, the margins are of especial interest 
because of the half-revealed nature of the bottom topography. 
For example, centering at about Latitude 31°30’N., Longitude 
118°30’ W. (fig. 1) is what originally appeared to be the 
north end of either an open trough or a closed basin similar 
to the dozen completely surveyed basins farther north. The 
floor at more than 1400 fathoms is the deepest point of the 
whole region east of the continental slope and north of Latitude 
31°30’. 

A preliminary study of several of the known basins (Emery 
and Rittenberg, 1952) showed them to contain water that is 
nearly isothermal, isohaline, and of abnormally low oxygen 
content from just below the sill (or low point of the rim) to 
the bottom. These water characteristics are well enough defined 
that they can probably be used to indicate the sill depth with 
an accuracy of about 100 fathoms. The relations are similar 
to those found in the East Indies by the 1929-1930 Snellius 
Expedition (van Riel, 1934) and in the Gulf of California by 
the 1939-1940 E. W. Scripps Expedition (Sverdrup, 1943). 


* Contribution of Allan Hancock Foundation No. 111. 
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A study of the basin water and a sounding survey of the 
south end of this basin was undertaken as a field trip project 
of the University of Southern California class in Oceanography 
on October 10, 11, and 12, 1952. The students participating 
in the work were Messrs. R. E. Arnal, B. L. Conrey, W. E. 
Fortin, J. R. Grady, W. H. Hudson, J. W. Marlette, W. Orr, 
E. Uchupi, and F. C. Ziesenhenne. 


WATER CHARACTERISTICS 


Study of the characteristics of the water within and above 
the basin was based mostly on Nansen bottle casts at Station 
2165 (fig. 1). Temperature was measured by reversing thermom- 
eters that were attached in pairs to each bottle. The average 
difference between each of eight pairs was only 0.02°C. In 
addition, a continuous temperature-depth curve from the sur- 
face to 200 feet was obtained by a bathythermograph. The 
hydrogen ion concentration, pH, was measured with a Beckman 
pH-meter as soon as the water samples reached uniform tem- 
perature. Oxygen was also run immediately, using the Winkler 
method. Chlorinity was determined ashore using the ordinary 
silver nitrate titration controlled by Copenhagen standard 
sea water. 

The temperature-depth curve (fig. 2) exhibits a smooth de- 
crease from 200 to 1017 fathoms, below which it varies less 
than 0.05°C. to the bottom measurement at 1352 fathoms, 6 
fathoms above the basin floor at this station. Salinity (computed 
from chlorinity) increases from 33.30 parts per thousand at 
the surface to 34.60 parts per thousand at 1017 fathoms, below 
which it decreases about 0.08 parts per thousand to the bottom. 
Oxygen decreases from 5.54 ml/L at the surface to a minimum 
of 0.83 ml/L at 407 fathoms, below which it again rises to 
a value of 2.65 ml/L at 1217 fathoms. Between this depth and 
1352 fathoms oxygen decreases to 2.22 ml/L. Except above 
about 400 fathoms the pH curve parallels that of oxygen. 

The nearly isothermal nature of the water below 1017 
fathoms is interpreted as indicating the presence of a sill at 
about 1000 fathoms. Salinity is less definitive because of its 
relative constancy at depth in this part of the Pacific Ocean. 
Oxygen and pH show only that the sill is deep and probably 
in a zone of very slight density gradient that permits replace- 
ment of basin water before much stagnation occurs. The mini- 
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mum at 407 fathoms corresponds in depth and value to the 
general oxygen minimum of the region. 

The lowest sill depth of about 1000 fathoms indicated by 
the temperature-depth curve is slightly deeper than the known 
northwestern sill of the basin (about 925 fathoms). Evidently 
the previously unexplored southeastern sill may be somewhat 
deeper than the northwestern one. 


SOUNDINGS 


During the cruise approximately 120 statute miles of new 
sounding line were recorded in the area just south of the margin 
(Lat. 31°30’) of the published chart (Shepard and Emery, 
1941, chart I). The dotted lines of figure 1 show the course 
followed by Velero IV, not the individual soundings. Positions 
of the ship courses were determined by best-fit in relation to the 
known contours, Intervening positions in the previously unsur- 
veyed area south of Latitude 31°30’ were by dead-reckoning. 
Soundings were recorded automatically on tape and also read 
visually at one-minute intervals from the flashing dial of the 
echo-sounder. In addition, the dashed lines of figure 1 show 
the courses of some earlier survey ships in the area along which 
soundings are relatively widely spaced. The lines between Lati- 
tudes 31°27’ and 31°30’ are those of the U. S. Coast and 
Geodetic Survey ship run near the edge of the surveyed region 
in September to November, 1935. The three southwesterly lines 
were made by other ships en route from San Diego. Two of 
these lines are shown on U. S. Hydrographic Office chart no. 
5196 (edition of 1947) ; the other is based on unpublished data 
from a Scripps Institution ship. 

Contours based on all of the soundings were drawn at 50 
fathom intervals to correspond with those of the area north 
of Latitude 31°30’, although the sounding density is only about 
half that of the northern area. Low sounding density is no 
doubt responsible for the smooth contours on the south wall 
of the basin. 

The contours show that the general trend of the basin is 
northwest-southeast, parallel to the general structural trend 
in the region. Its walls are fairly straight, are 500 to 600 
fathoms high, and have slopes of 5° to 10°. The bottom is 
flat, 1250 to 1406 fathoms deep, six miles long, and two miles 
wide. A sill at the northwestern end is about 925 fathoms deep, 


4 


A Newly Surveyed Submarine Basin off Mexico 659 


whereas the new southeastern sill has a maximum depth of 1040 
fathoms on the last sounding line. A few scattered older sound- 
ings located a few miles east of that point are 1080 fathoms or 
more, suggesting that the actual sill depth cannot be much 
shallower than 1040 fathoms. Taking this as the lowest sill 
depth, the basin floor lies about 366 fathoms below the lowest 
sill. Of the twelve other basins farther north, only two have a 
greater depth difference between floor and lowest sill. Because 
the basin nature of the area was established by the survey 
aboard the University of Southern California research ship 
Velero IV, the basin is herein named Velero Basin. 


FATHOMS 


1400 A 4 


Fig. 2. Vertical distribution of temperature (‘T) and salinity (S) at 
AHF Station 2165, October 11, 1952. Latitude 31°32’, Longitude 118°28’; 
1358 fathoms. 
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THE OLIVINE AMPHIBOLITE OF BLACK- 
ROCK ISLAND, ONTARIO, CANADA 


GERALD M. FRIEDMAN 


ABSTRACT. An island, approximately 260 by 150 feet, made up of 
olivine amphibolite is located in Blackstone Lake 15 miles southeast of 
Parry Sound. The rocks of the western part of the island show curvi- 
columnar structure. 

The amphibolite consists of cummingtonite, olivine, and serpentine with 
small amounts of spinel, magnetite and chlorite; chlorite is locally abundant. 
A colorless amphibole, perhaps gedrite, forms coronas between olivine and 
the cummingtonite. 

With the exception of olivine, the minerals of the amphibolite are of 
secondary origin and have probably formed from olivine and pyroxene and 
perhaps from feldspar, while serpentine and chlorite also formed from 
amphibole. The chemical composition of the rock comes closest to that 
of a picrite. 

Diorite dikes cut the amphibolite. The cummingtonite is believed to have 
formed from an original pyroxene, a reaction in which the feldspar of the 
original rock may have taken part. Mg and Fe ions in excess of those re- 
quired for amphibole formation aided the formation of spinel. The alumi- 
num of the spinels is likely to have been derived from feldspar. Near 
the dikes the rock is essentially a spinel-amphibolite and olivine is absent, 
introduction of Fe from the dikes and redistribution of the alumina 


characterizing the major changes. It is possible that some Al has been 
introduced by the dikes. 


INTRODUCTION 


OCKS made up of cummingtonite, olivine, and serpentine 
are rare, and a rock almost entirely composed of these com- 
ponents merits some attention. The olivine amphibolite forms 
an island, the so-called Blackrock Island (plate 1, fig. 1), in the 
southeastern part of Blackstone Lake, Conger Township, in 
the Parry Sound District of Ontario about 15 miles southeast 
of Parry Sound (fig. 1). It is located on lot 13, on the borders 
of concessions 8 anc 9. 


GENERAL GEOLOGY 


The area is underlain by Precambrian metamorphic rocks 
which have been injected by pegmatites. The dominant rocks 
are granite gneisses. Besides small pegmatites which have been 
forced between the planes of foliation of the gneisses (lit-par- 
lit) or which cut the gneisses, there are large pegmatite dikes, 
some of which have been commercially exploited in the past. 
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The island is composed entirely of the olivine amphibolite, 
except for three small diorite dikes which cut the amphibolite 
in the southeastern part. These dikes are bordered by a narrow 
reaction zone of spinel-amphibolite. 


STRUCTURE 


The island has an approximate length of 260 feet and a 
maximum width of about 150 feet. It is separated from the 
mainland to the north by about 70 feet of water. The cliffs 
of the island’s north shore drop off steeply; on the south side 
a submerged continuation of the amphibolite forms shoals. 
Likewise eastern and western extensions of the amphibolite are 
beneath the surface of the water. Faulting is probably respon- 
sible for the steep cliffs of the north shore. 

The columnar structure in the amphibolite deserves par- 
ticular attention. This structure extends for about 60-80 feet 
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Fig. 1. Map of the southeastern part of Blackstone Lake showing the 
location of the olivine amphibolite. 
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from the extreme western tip of the island (plate 1, fig. 2). 
It then grades, almost imperceptibly, into a joint pattern of 
two approximately perpendicular joint sets. Although some 
columns have well-developed hexagonal prisms, many are pen- 
tagonal, quadrilateral, or even triangular (plate 2, fig. 1). 
Principles controlling the formation of hexagonal prisms have 
been explained by Mallet (1875), Bonney (1876) and Hewes 
(1948). It is frequently difficult to determine whether an 
exposure in the transitional zone shows columnar structure or 
not, as the intersecting joint pattern resembles quadrilateral 
columns. 

Near the edge of the western cliff, columns diverge radially 
and downward from a center and curve considerably. At water 
level they are inclined at a low angle, but the angle rises steeply 
to almost vertical before flattening out again near the center 
from which the columns radiate. The columns therefore present 
an S-shaped pattern. For the sake of contrast it may be noted 
that columns about 20 to 30 feet southeast of the center are 
horizontal, while many on the cliff are almost vertical. Similar 
observations have been made by Iddings (1886, p. 322-323) 
at Watchung, New Jersey. Locally two sets of columns, one 
below the other, are inclined toward each other giving rise to 
a tapering columnar structure. Iddings (1909, p. 324) has 
described similar structures in the basalts of Watchung. 

Columnar structures in igneous rocks are essentially confined 
to lava flows or sills, neither of which have solidified at great 
depth. A section in the type localities, Giant’s Causeway, Ire- 
land, or Watchung, N. J., shows the following columnar zones 
(Tomkeieff, 1940; Bucher and Kerr, 1948, p. 109): 

(1) vertical columnar zone (bottom) ; 

(2) curvi-columnar zone; 


(3) pseudo-columnar zone (top). 


The zone of vertical columnar joints is made up of thick, well- 
defined columns and is lowest in a typical section, but it was 
not observed in the area under discussion. The curvi-columnar 
zone is represented in the western part of the island (fig. 2), 
and grades into the pseudo-columnar zone to the east, where 
ill-defined columnar jointing is exhibited. 

Only one well-defined center from which columns diverge has 
been noted on the island. In the Watchung basalt, where radiat- 
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(approximate) 


68_.» Bearing and plunge of axis of columns 


444» Bearing and plunge of axis of "pseudo-columns” 


Fig. 2. Map of Blackrock Island showing the attitude of the columns. 


ing columns also occur, similar centers are locally abundant. 
There vertical axes passing through central foci from which 
columns radiate outward and downward alternate with vertical 
axes toward which columns converge, as shown in figure 3. 
Bucher (1948), describing radiating columns in the Watchung 
basalt, suggested that as isothermal surfaces are normal to the 
attitude of the columns the same temperature must have been 
maintained at A and B, A’ and B’. Consequently the tempera- 
ture along the axes DE and D’E’ was higher than in correspond- 


A BC OA 
Isothermal surfaces Columns 


Fig. 3. Generalized cross section through the curvi-columnar zone show- 
ing radiating columns and isothermal surfaces. Modified after Bucher. 


| 

| 

| 


PLATE 1 


View of the olivine amphibolite island from the west. Ever 


greens on island serve as scale. 
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Fig. 2. Curvi-colurnnar structure western part of island. 
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PLATE : 


Fig. |. Columnar structure in western part of island. Hexagonal prisms 


is Well as pentagonal, triangular and other poorly developed columns are 


shown. Note rough surface of rock. Pencil serves as seale. 


pre 


Photomicrograph of olivine amphibolite showing the textural 
relations between the minerals. The minerals in this picture are: (a) cum- 
mingtonite, (o) olivine, (s) serpentine, (ch) chlorite. Note the reaction 
rims between olivine or serpentine and cummingtonite. The black opaque 
mineral is magnetite. A few spinel grains, too small to be marked, occur 
in the amphibole. 10x. (D. S. Robertson, photo.) 
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ing interaxial positions. He believes vents to have been located 
in the positions of DE and D’E’. The central focus of the 
western part of the island was probably located close to a vent. 
Only one such center was noted; erosion has perhaps obliterated 
evidence of others. For this reason the axis toward which the 
columns converge and the exact position of the vent cannot be 
established. 


PETROGRAPHY 


The rock on the island is surprisingly fresh. It has been 
affected by limited weathering which resulted in sharp and 
rough surfaces that resemble skin protuberances or minor honey- 
comb weathering. These pitted surfaces are particularly evident 
in the western part of the island. The columnar joints are 
covered by a brownish-red crust caused by the oxidation of the 
iron minerals. The protuberances, mostly dark green, are locally 
black and some are highly magnetic. The amphibolite is a 
fine- to medium-grained rock consisting of cummingtonite, 
olivine and serpentine (plate 2, fig. 2). Spinel, magnetite and 
carbonate are accessory minerals; locally spinel is abundant. 
Secondary amphiboles form thin coronas between olivine or 


serpentine and cummingtonite. Chlorite has replaced amphi- 
boles and serpentine. 

Modal analyses of this rock were run in duplicate and average 
values were taken. These are presented in table 1. The sections 


TaBie 1 


Amphibole Olivine Serpentine Spinel Magnetite Chlorite 


50.1% 38.0% 2.2% 9.7% 
38.8% 0.6% 53.0% 3.4% 3.9% 0.3% 
40.7% a 52.5% 3.2% 2.9% 0.7% 
62.1% 15.1% 9.9% 7.1% 4.9% 0.9% 


47.9% 3.9% 38.3% 4.0% 5A 0.5% 


Modes of olivine amphibolite, per cent by volume. 


Sample 1 is from the northwestern part of the island; 2 is from the 
southwestern part; 3 approximately from the southcentral; and 4 from 
the eastern part of the island. 


analyzed are believed to be representative except for chlorite. 
In several samples chlorite was abundant, but thin sections of 
these samples were not prepared. Two samples were composed 


2. 
3. 
4. 
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of an estimated 35 per cent olivine, 45 per cent serpentine and 
20 per cent amphibole. 

Under the microscope (plate 3, fig. 1) an amygdaloidal struc- 
ture is locally suggested. Whether or not these structures have 
at any time been true amygdules cannot be decided, but their 
appearance closely resembles that of amygdules. Some “amyg- 
dules” are elliptical or spherical, others are of widely varying 
shapes; several “amygdules” may have merged. They are usual- 
ly separated from one another by olivine or serpentine and a 
reaction rim of a colorless orthorhombic amphibole borders 
them. Cummingtonite crystals, with their axes of elongation 
normal to the periphery of the “amygdules,” stud their interior. 
The “amygdules” enclose spinels in intergranular relation to 
other minerals. Drop-shaped, worm-like, or sausage-shaped 
embryo spinel crystals are embedded in the amphiboles, with 
their long axes parallel to those of the latter, i.e., pointing in 
the approximate direction of the center of the “amygdule.” 


MINERALOGY 


Amphibole.—The amphibole is a cummingtonite and makes 
up the larger part of the rock. It locally forms the “amygdules”’ 
previously described. In thin section it is colorless, but amphi- 
bole from the zone adjacent to the diorite dikes is green and 
pleochroic. ‘The 2 V and extinction angle of amphibole in four 
different amphibolite specimens were determined on the universal 


2 
Optical Data on Amphibole 


Beta 
Location Pleochroism 2Vv ZAc Index 
SW part of island colorless in thin section; 
fragments are pale 
green. + 87° 18° 1.649 
SE part of island colorless in thin section; 
near the dikes fragments are pale 
green. + 84° 18° 1.649 
within—5 ft. (+) pale green to colorless 
of a dike in thin section. + 82° 18° 1.648 
border zone of blueish-green to light 
a dike green to light green- 


ish-yellow thin 
section. 
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stage, the beta index was also taken. One sample was selected 
from the southwestern part of the island and three from the 
southeastern part; of the latter one was taken from the zone 
adjacent to the diorite dikes. The results are shown in table 2. 
The 2 V determinations were mostly obtained from a single 
optic axis by stereonet plots. Hess (1949) states that 2 V 
determinations from one optic axis can involve errors of the 
order of +5°,. This may in part explain the difference in the 
2 V of the samples measured; on the other hand, an average of 
six independent determinations was taken on each thin section 
and the respective numerical differences were +2°. The refrac- 
tive index determinations are probably +0.003. 


Bordering the diorite dikes is a zone of deep blueish-green 
spinel-amphibolite (plate 3, fig. 2) up to 8 inches wide carry- 
ing a strongly pleochroic amphibole. Color and pleochroism 
are indicative of a higher iron content and suggest that iron 
was introduced by the diorite dikes. The amphibole from this 
zone has a slightly higher refractive index than amphibole from 
other parts of the island. Winchell (1951) correlates the re- 
fractive indices of the members of the kupfferite-grunerite 
series, to which cummingtonite belongs, with their chemical 
composition. Exact compositions of amphiboles from optical 
data are impossible to obtain, but the approximate composi- 
tion can be worked out from Winchell’s curve. According to 
this curve the cummingtonite contains about 41 per cent of 
the grunerite molecule. Most amphibole crystals are approxi- 
mately 0.05 to 0.3 mm in diameter. 


Cummingtonite and olivine or serpentine are usually separated 
by a shell or corona of a colorless mineral which is biaxial 
negative, has straight extinction, and a 2 V of 80°. These 
properties correspond to gedrite, the aluminous anthophyllite. 


Spinel.—The spinel (magnesia spinel) is green or blueish- 
green, but in some clusters grades marginally into grains of 
brownish tint. Embryo spinels are usually enclosed in amphi- 
bole, but large spinel crystals are intergranular. Many embryo 
spinel crystals present the appearance of “streaming” through 
amphiboles toward the intergranular spinels. Corroded amphi- 
bole crystals containing green embryo spinel grains are enclosed 
in serpentine. Spinel crystals of varying size also occur in 
serpentine, including clusters more than 14 mm in diameter. 
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These were probably interstitial between amphibole crystals, 
but the latter have been replaced by serpentine. 

Olivine and serpentine.—Most of the olivine has been replaced 
and occurs as small anhedra surrounded by serpentine. That 
many individual crystal remnants are parts of original larger 
crystals is manifested by their optical continuity. Black streaks 
of magnetite cross serpentine at all angles. 

The olivine has an optic axial angle of about 86°, optically 
negative; the alpha index is near 1.678. These figures indicate 
a molecular proportion of about 22 per cent fayalite in the 
olivine. 

The serpentine is one of the most abundant constituents of 
the rock. It is mostly antigorite, some crossfiber veinlets suggest 
chrysotile. The serpentine has replaced olivine and amphibole. 

Pyroxene.—Pyroxenes were not detected in the olivine am- 
phibolite but were identified in the spinel-amphibolite. 2 V 
measurements on two different grains gave +61°, the extinc- 
tion angle (Z/Ac) of one grain was 54° (this last reading, how- 
ever, was not considered satisfactory). These properties cor- 
respond to augite. The mineral is slightly pleochroic from light 
green to a very pale pink. 

Chlorite.—The chlorite, probably pennine, is a common re- 
placement product of amphiboles and serpentine. It is green 
in hand specimen and thick fragments, but colorless in thin 
sections. The beta index is near 1.584. The mineral is practical- 
ly uniaxial, optically positive. It locally shows polysynthetic 
twinning and many flakes are bent. Chlorite occurs in veins with 
crystals up to 114% feet in length. It is also found disseminated 


TaBLe 3 


Table of Paragenetic Sequence 


Magmatic Postmagmatic 


Olivine 

Pyroxene 
Feldspar (?) .... 
Amphibole 

Spinel 

Serpentine 
Magnetite 
Chlorite 
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throughout a large part of the island. The chlorite encloses 
corroded amphibole crystals as well as spinel and magnetite. 
Magnetite grains are aligned parallel to the chlorite cleavage. 


DIORITE DIKES 


In the southeastern part of the island three small dikes cut 
the olivine amphibolite (plate 4); the biggest dike is about 9 
inches in maximum width. The dikes are conspicuous because 
they stand out in relief and have a white color, which has 
probably been caused by kaolinization in the surface layer. The 
dikes are bordered on both sides by blueish-green spinel-am- 
phibolite up to 8 inches wide. The dikes are composed of 
about 85 or 90 per cent labradorite of composition Ang, to 
Ang, ; the other essential mineral is green hornblende. The dikes 
may almost be considered anorthosites. he feldspar has been 
highly sericitized. 


TABLE 4 TABLE 5 
Chemical Analysis of 


: Norm of Olivine Amphibolite* 
Olivine Amphibolite 


Olivine 
Hypersthene 
Ilmenite 
Magnetite 
Corundum 
Halite ... 


*The norm was calculated after 
deducting from the analysis the 
H,0, S, and CO,. 


equivalent 
to Sand Cl 0.08 


Total 99.93 


Specific gravity 26.5/4—= 2.928. 
H. Baadsgaard, analyst. 


ALO, 1001 Anorthite ................ 27.52 
99.96 
less O 
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TaBLe 6 
Qualitative Spectrographic Analysis of Olivine Amphibolite 


Antimony 
Arsenic 
Beryllium 
Bismuth 
Boron 
Cadmium 
Cerium 
Chromium 
Cobalt 
Columbium 
Copper 


ND 

ND 

ND 

ND 

trace (0.03) 
ND 

ND 

trace (0.01) 
trace (0.02) 
ND 

trace (0.005) 


Indium 
Lead 
Manganese 
Mercury 


Molybdenum 


Nickel 
Silver 
Strontium 
Tantalum 
Tellurium 
Thorium 


ND 


trace (0.001) 


trace (0.25) 
ND 
ND 
low (0.15) 


trace (0.0005) 


trace (0.05) 
ND 
ND 
ND 


Titanium 
Tungsten 
Uranium 
Vanadium 
Zine 
Zirconium 
Yttrium 
Ytterbium 
Scandium 


trace (0.01) 
ND 

ND 

trace (0.005) 
trace (0.005) 
ND 

ND 

ND 

ND 


Gallium trace (0.002) Tin trace (0.001) 


y to amounts: 


0.1 to 1.0% 
less than 0.10% 
none detected 


The values given in brackets are visual estimates based on line intensity; they are 
not quantitative figures. 


CHEMICAL CHARACTERISTICS 


The chemical composition of the olivine amphibolite comes 
closest to that of picrites. The norm of the rock likewise agrees 
with that of picrites. The presence of small amounts of boron, 
cobalt, copper, chromium, gallium, lead, manganese, nickel, 
silver, strontium, tin, vanadium and zine found in the am- 
phibolite, is commonly noted in basic rocks. 


SIMILAR ROCKS FROM OTHER AREAS 


Hadley (1949) described a troctolite-amphibolite associated 
with an edenite-amphibolite from the Buck Creek peridotite of 
North Carolina, Lawson (1903, p. 222-225) noted an amphi- 
bole olivinite at Spanish Peak, California, and Merrill (1898) 
described amphibole serpentine rocks from the New York 
metropolitan area, Rosenbusch-Miigge (1927, p. 515) cite 
similar occurrences from Austria. Daly (1914, p. 29), Wash- 
ington (1917, p. 714, 724), and Hess (1933, p. 382) present 
analyses of rocks similar in composition to the rock under 
discussion. 


i 
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PETROGENETIC CONCLUSIONS 


The chemical composition of the rock comes closest to that 
of a picrite. The composition of picrites differs from that of 
peridotites essentially in a higher aluminum content. It may be 
argued that the original rock is unlikely to have been a picrite 
as some evidence of plagioclase would have probably remained ; 
but Hadley (1949, p. 120) points out that in the edenite- 
amphibolite of Buck Creek, North Carolina, which has formed 
at the expense of an original troctolite-amphibolite, a spinel- 
amphibole intergrowth has apparently replaced the plagioclase. 
He suggested (1952, personal communication) that the olivine 
amphibolite of Parry Sound may have also been plagioclase- 
bearing. The presence of almost 6 per cent CaO in the analysis 
excludes dunite as a possible source rock. The olivine am- 
phibolite is not considered a primary magnetic rock for the 
following two reasons: 


(1) Cummingtonite and spinel are not typically magmatic 
minerals, 


(2) In a discontinuous reaction series in a magma, pyroxene 
precedes amphibole and by the time the amphibole has formed 


the olivine has usually been dissolved. 
A picrite is believed to have been the source rock. 

The cummingtonite has probably formed at the expense of 
an original pyroxene, a reaction in which the feldspar of the 
original rock may have taken part. Magnesium and iron ions 
in excess of those required for amphibole formation aided the 
formation of spinel. The aluminum may have been derived from 
the feldspar. Hadley (1949, p. 120) contends that “the dis- 
seminated corundum [of Buck Creek, North Carolina] in the 
edenite-amphibolite appears to have resulted from concentration 
of alumina originally contained in the plagioclase of the 
troctolite.” 

With the exception of relic olivine anhedra the minerals of the 
amphibolite are of secondary origin. Serpentine and chlorite 
formed at the expense of the olivine and amphibole and, to- 
gether with magnetite, which is contemporaneous with the ser- 
pentine, were the last minerals of the rock to form. Of interest 
is the variable modal composition of the rock, as shown by the 
four analyses, which probably largely depended on the paths 
of the modifying emanations. 


| a 
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Bordering the dikes the olivine amphibolite has given way to 
a spinel-amphibolite in which olivine has not been observed. 
This rock is composed of amphibole and spinel but also con- 
tains some clinopyroxene, probably augite. The disappearance 
of olivine and the unusual] abundance of spinel (up to approx. 
30% by volume) suggests a redistribution of the alumina. It 
is also possible that some aluminum ions have been introduced 
by the diorite dikes. The distinct color and pleochroism of this 
amphibole and the somewhat higher refractive index indicate 
an introduction of iron. 

The “amygdaloidal” structure of this rock is as unusual as 
its mineralogical composition. Rocks exhibiting columnar struc- 
ture are commonly amygdaloidal; the rocks of the Watchung 
Mountains and the Palisades of New Jersey may serve as 
examples. The filling of amygdules varies from quartz, calcite 
and zeolites to hydrated ferromagnesian minerals which Tyrrell 
(1926) calls “green earths.” It seems possible that the “amyg- 
dules” of the olivine amphibolite were originally filled with 
hydrated ferromagnesian minerals which in the course of the 
changes that affected the rock were converted into amphibole— 
introduction of aluminum and dehydration characterizing the 
major changes. Magnesium and iron ions in excess of those 
required for amphibole formation gave rise to spinels on react- 
ing with the aluminum. The pattern of distribution of the 
drop-shaped, worm-like or sausage-shaped spinel microlites 
that are embedded in the amphiboles of the “amygdules” seems 
significant. Usually somewhere in the “amygdules” is a large 
intergranular spinel crystal, and the elongated spinel microlites 
seem to converge toward it. The impression is conveyed that 
the components making up the elongated embryo spinels were 
“streaming” toward the intergranular spinels when final crys- 
tallization occurred. 
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PLATE 4 


Diorite dike (under hammer) bordered by a reaction zone of spinel 
amphibolite. The reaction zone is delimited by dots. 
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THE ORIGIN OF DRUMLINS 
CONRAD P. GRAVENOR 


ABSTRACT. Theories on the origin of drumlins are grouped as either 
depositional or erosional, and the merits of these theories are discussed. 
The fact that many drumlins have a small amount of clay and contain 
stratified materials makes the depositional theory untenable. It is believed 
that a modification of the erosional theory will fit the known facts on 
drumlins. 


INTRODUCTION 


LTHOUGH several theories have been advanced to ac- 
count for drumlin formation, there is still difference of 
opinion on their origin, Essentially there are two ideas: first, 
drumlins are formed by the erosion of pre-existing drift ; second, 
they are depositional in origin. Recently the latter theory has 
gained much favor even though it does not explain fully 
drumlins of extreme composition (Flint, 1947, p. 121-126). 
‘The depositional theory has been applied to only those drumlins 
which are made up almost entirely of till, and the erosional 
theory is left to explain those drumlins which clearly have 
been formed from pre-existing drift or rock. 

The purpose of this paper is to review briefly some of the 
better-known theories and to sum up the facts known about 
drumlins. It is considered that a modification of the erosional 
theory best fits the known facts. 


DEPOSITIONAL THEORY 


In general the depositional theory states that drumlins are 
formed by the progressive deposition of drift. However, there 
is a lack of agreement on the factors that determine the start 
of accumulation. Russell (1895) suggested that since ice under 
pressure behaves as a plastic solid the introduction of debris 
into this plastic mass will decrease the rate of flow. At certain 
points excessive amounts of debris stop ice flowage, and hence 
nuclei are formed. Ice, containing smaller amounts of debris, 
which passes over these nuclei will deposit material and form 
drumlins. An examination of the excellent drumlin sections on 
the south shore of Lake Ontario led Slater (1929) to believe 
that in this case a till core initiated the drumlin accumulation. 
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Chamberlin (1883, p. 306) found that some drumlins have 
rock cores and from this intimates that a deeply hidden rock 
boss is usually and perhaps universally the determining cause 
of the accumulation. Crosby (1934, p. 150-151) concluded 
that some of the drumlins in the Boston basin area have rock 
cores. From a study of the drumlins of central British Columbia 
Armstrong (1949, p. 14) inferred that the nuclei were knobs 
of frozen till and the drumlins were built up from these knobs. 
Alden (1918, p. 253-256) found that few of the drumlins of 
Wisconsin have rock cores and consequently suggested that 
the radial spreading of ice developed transverse stresses which, 
although not actually creating longitudinal crevasses, may 
have induced localized piles or ridges of drift which were later 
shaped into drumlins. 

The concentric layering of material found in a few drumlins 
has led many geologists to believe that drumlins have been 
built up by successive additions of clayey till (Alden, 1918; 
Goldthwait, 1924, p. 91-96; Flint, 1947; and Fairchild, 1929). 
Fairchild suggested that “the accretion was because of the 
greater friction between clay and clay than between clay and 
ice.” 

The theories of Millis (1911) and Upham (1892) differ 
from the accretion theory, but fall into the depositional class. 
Millis suggested that material accumulated in crevasses which 
were enlarged by melting. Then as the remaining ice melted, 
drumlins were left. Upham believed that as the ice melted by 
ablation, englacial drift would appear at the surface in depres- 
sion areas. When the ice “re-livened,” this superglacial material 
again would become englacial as a stratum of drift. This en- 
glacial drift would be shaped into lenticular masses by ice move- 
ment and then let down either as a completed drumlin or as an 
accumulation point, 


EROSIONAL THEOPY 


From an examination of the materials which form drumlins 
it is evident that many of them were formed from materials 
which were present prior to the ice advance. This has led to 
the belief that all drumlins were formed by erosion. Shaler 
(1889, p. 550-551) thought that the drumlins of New England 
were formed by two glaciations. The first glaciation provided 
an irregular till surface and the second scoured this surface 
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leaving the drumlins. Tarr (1894) found that rock drumlins 
and till drumlins have the same shape, and consequently he 
concluded that the same erosive process produced both types. 


OBJECTIONS TO THE DEPOSITIONAL THEORY 


Although drumlins with cores of bedrock or pre-existing 
drift are found, more often a central core is absent. While 
this fact demonstrates that for a drumlin to accumulate no 
pre-existing core is necessary, it does not disprove the deposi- 
tional theory. Contrary to Alden’s theory, Hollingworth (1931) 
found that drumlins were formed in regions where there was no 
radial spreading of the ice. 

The presence of stratified materials in drumlins constitutes 
a more serious objection to the depositional hypothesis. Drum- 
lins containing stratified materials have been recorded in most 
drumlin fields both in North America and Europe (Ebers, 1937: 
Deane, 1950; Alden, 1918; Hollingworth, 1931; Tarr, 1894; 
Upham, 1894; Slater, 1929). Although drumlins containing 
stratified materials have been described by many geologists, 
for the most part their origin has been ignored. Deane (1950, 
p. 12-14) suggested that stratified materials in drumlins in- 
dicate a readvance of the ice after each layer of stratified 
material was deposited. Tarr (1894) pointed out that flowing 
water could not exist under the great thickness of ice neces- 
sary to form drumlins., It seems reasonable that deep within 
an active glacier any openings which would give access to 
meltwater would be closed by plastic flow. If eskers and as- 
sociated deposits are evidence of stagnation, then the time 
when meltwaters are flowing at the base of the ice is not the 
time of drumlin formation. 

Although it has been suggested by Fairchild that accretion 
takes place because of the greater friction between clay and 
clay than between clay and ice, the writer has been unable to 
find quantitative data which would substantiate this conclusion. 
Many drumlins have been described which contain little or no 
clay. The drumlins of northern Saskatchewan, described by 
Sproule (1939, p. 102-103), are made up largely of sand. Me- 
chanical analyses made by Goldthwait (1948, p. 9-11) of drum- 
lin materials in New Hampshire show that the drumlins of that 
region contain an average of about 10 per cent clay and in 
one case the clay content was as low as 5 per cent. In southern 
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Ontario, Chapman (1951) has found that the drumlins are 
more numerous in loamy till than in clay till. Mechanical analy- 
ses of drumlin materials of southern Ontario give an average 
of about 12 per cent clay (Chapman, 1951). Indeed most 
published analyses indicate that drumlins are sand-rich rather 
than clay-rich. In the states of Indiana and Illinois, where 
the tills generally contain more clay than those of southern 
Ontario and New England, no drumlins are found. Therefore 
it appears that clay is not necessary for drumlin formation. 

Concentric banding, found in some drumlins, has been an 
important factor in the formulation of the depositional theory. 
However, it seems that this concentric banding is a rarity. 
Fairchild thought that the banding in the drumlins on the 
south shore of Lake Ontario was evidence of accretion, but 
Slater (1929) found that these bands consist largely of strati- 
fied materials. In many areas where the internal structure of 
drumlins has been investigated banding is absent (Holling- 
worth, 1931; Deane, 1950; Ebers, 1937). Alden (1918) sug- 
gested that a definite cleavage found in certain drumlins in 
Wisconsin could be accounted for either by accretion or by 
pressure effects. 


The alignment of drumlins and their streamlined shape seems 
sufficient to discount the theory proposed by Millis. Tarr (1894) 
has objected to Upham’s theory on the grounds that no evidence 
of shearing is found in drumlins. Another objection is the pres- 
ence of so much englacial material in an ice sheet. 


OBJECTIONS TO THE EROSIONAL THEORY 


Objections to this theory have been outlined by Thwaites 
(1941, p. 43-45), but certain of these objections do not appear 
valid. Thwaites suggested that drumlins of the erosional type 
should be shaped like roches moutonnées; yet it is well known 
that drumlins formed from pre-existing materials have the same 
shape as till drumlins, Other objections advanced by Thwaites 
include the following: 

(1) The stratified materials found in drumlins is unlike that 

found in kames. 

(2) The width of drumlin belts (10-20 miles) exceeds that 

of most moraines. 

(3) The drift in drumlins is apparently the same age as the 

surrounding drift. 
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While the second objection holds for most moraines of the Mis- 
sissippi basin area it is not true of the wide morainic belts found 
over much of western Canada, The third objection is perhaps 
the most valid since in many areas where there are till drumlins 
there is no evidence of readvance of the ice. 


MODIFIED EROSION THEORY 


It is known that rock drumlins and drumlins carved from 
pre-existing materials are found in the same drumlin fields as 
those made of till (Tarr, 1894; Deane, 1950; Hollingworth, 
1931; Shaler, 1889; Armstrong, 1949). Consequently it is rea- 
sonable to suppose that all these drumlins were formed at the 
same time and by the same process. During the past 80 years 
many facts have been learned about drumlins and any one theory 
should satisfy the following conditions : 

(1) Drumlins may consist of (a) clay till, (b) sandy or 

loamy till, (c) rock, (d) pre-existing drift. 

(2) They frequently have lenses and layers of stratified 

materials which sometimes are faulted and folded. 

(3) Rock drumlins are found side by side with other varieties 

and have the same shape. 

(4) Many glaciated regions do not support drumlins. 

(5) They exist in fields wider than most moraines and rarely 

occur singly. 

(6) They have a streamlined shape with the stoss end usual- 

ly pointing upstream. 

(7) Lamination may or may not be present. 

(8) Some drumlins have cores but most do not. 

(9) They are found behind terminal moraines which mark ap- 

proximately the outer limit of the ice advance. 

(10) Their long axes parallel the direction of ice movement. 

Generally it is agreed that drumlins are formed under actively 
flowing ice and their form is one which offers the least resistance 
to ice movement. This assumption seems valid since it accounts 
for the position of the drumlins with respect to moraines, their 
alignment and streamlined shape. 

The usual interpretation of the erosional theory is that during 
a retreat of the ice moraines are formed which are shaped by 
a later advance. It is the writer’s belief that this retreat is 
not necessary. Upon the retreat of an ice sheet moraines are 
formed which mark stationary positions of the ice. Is it not 
possible that during the advance of an ice sheet the rate of 
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movement would vary? If this were the case there should be 
evidence of “moraines of advance.’ However, such surface ir- 
regularities would be shaped by the over-riding ice and would 
not be recognizable as moraines. 

Where the ice advance is more rapid and the material distri- 
buted homogeneously throughout the ice a relatively flat till 
plain is formed. Chapman (1951) found that the flat till sur- 
faces of southern Ontario are scored with shallow grooves or 
“flutings.”” These flutings may result from the same process 
as that which formed the drumlins. 

The complete process of drumlin formation can be outlined 
as follows: 

(1) Masses of till and stratified materials would be deposited 
at the front of an advancing glacier if there was a tem- 
porary halt during the ice advance. 

Ice riding over this drift would erode and shape it and 
thereby produce drumlins. 


Debris derived from this erosion and shaping eventually could 
move to the front of the ice and be redeposited either as 
“moraine of advance” or as terminal moraine. It is known that 
the second part of this theory is feasible since drumlins of 
erosional origin are found. Consequently all that is needed is 
an irregular surface of till with or without stratified materials. 
It is believed that such a surface can be formed during an ice 
advance. 

Obviously, one other prerequisite to drumlin formation is a 
supply of drift. Consequently drumlins form best in the softer 
materials, such as shales and limestones, which are removed 
readily by glacial erosion. 

Objections to the previously outlined erosional and deposi- 
tional theories can be explained by this modification of the 
erosional theory. 

(1) The absence of drumlins from certain regions of clay 

till can be explained by a relatively rapid ice advance. 

(2) The lamination found in a few drumlins could be the 

result of ice pressure. Any clay minerals which are pres- 
ent would have preferred orientation as a consequence 
of the applied pressure, and this would give rise to a 
rough fissility in the till. 

Meltwater action at the front of the advancing ice would 
give rise to stratified materials. 
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(4) Although Thwaites pointed out that drumlin belts are 
much wider than most moraines, it should be realized 
that the nature of retreat is quite different from that of 
advance. During a retreat, wide intermorainal areas, 
covered by eskers, superglacial till, and related deposits, 
are left by the downwasting process. An advance would 
not produce these ablation areas since wasting would 
take place mainly at the front of the ice, and wider mor- 
ainic belts would result. 

Thwaites also stated that the stratified material found 
in drumlins is unlike that found in kames. It may be 
pointed out that the bedded material in drumlins is quite 
similar to the stratified material found in ground 
moraine. It is thought that the origin of the stratified 
material found in ground moraine is similar to that 
postulated for drumlins. 

Where drumlins have been found with cores it is possible 
that during a slow advance any pre-existing irregulari- 
ties would have a layer of till deposited on top of the 
obstruction and thus present the type of surface neces- 
sary for drumlin formation. 


SUMMARY 


Since some drumlins are made of pre-existing materials, it 
is known that erosion can produce a drumlin. It is believed that 
halts or a slow advance during the forward movement of a 
glacier can give rise to a wide irregular surface of drift which 
would be shaped into drumlins by the advancing ice. 

This modification of the erosion theory is less intricate in 
its mechanics than those previously described. It avoids the 
necessity for two theories and offers adequate explanations for 
the known facts on drumlins. 

The erosional theory is not acceptable in its present form 
because of the following objections: 

(1) In many areas where there are till drumlins there is no 

evidence of readvance of the ice. 

(2) Morainic belts usually are not as wide as drumlin fields. 

(3) The stratified materials found in drumlins is unlike that 

found in kames. 

The currently accepted depositional theory is untenable be- 
cause of the following objections: 

(1) Stratified materials found in drumlins could not have 

been deposited under a thick ice sheet. 
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The accretion theory hinges on the idea that drumlins 
are clay-rich; however, descriptions and mechanical 
analyses show that many drumlins contain little or no 
clay. 
(3) Many areas of clay-rich till do not support drumlins. 
(4) The absence of nuclei and concentric banding from most 
drumlins. 
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THE VEGETATIONAL SIGNIFICANCE OF 
RECENT TEMPERATURE CHANGES 
ALONG THE ATLANTIC SEABOARD 


STEPHEN H. SPURR 


ABSTRACT. The mean annual temperature at New Haven, Connecticut, 
has risen 2.8 degrees Fahrenheit from 1817 to 1950. If this change is 
related to the present temperature variation along the Atlantic seaboard, 
the rise is found to represent a movement of the climate about 1000 
feet up in elevation, or about 100 miles north at the same elevation. By 
applying present-day distribution patterns for tree species and mean 
annual temperatures to pollen spectra, we may estimate that fluctuations 
in mean annual temperature in the past several thousand years have not 
exceeded 7 degrees. Actual changes in forest composition within this period 
can be fully explained by assuming temperature changes of as little as 
2 degrees, provided that the change has lasted for a number of centuries. 
Finally, the present poor appearance and vigor of spruce and tamarack 
in central New England is likely a reflection of the recent trend toward 
warmer climate, rather than a proof of the relict status of these species. 


INTRODUCTION 


TUDIES of present-day vegetation in areas covered by 

Pleistocene glaciation must take into account the length 
of time present plants have occupied the given area. Pollen 
analyses and radiocarbon dating have contributed much informa- 
tion concerning past vegetational history. Air temperature 
records provide a further clue that has not as yet been fully 
exploited, 

In the course of relating forest composition in the Harvard 
Forest at Petersham, Massachusetts, to site conditions and 
silvicultural treatment (Spurr, 1950), the author made use of 
air temperature records to help determine whether certain tree 
species were relicts of past climatic eras or were recent invaders 
in the locality. The techniques evolved may be of wider applica- 
tion and interest. 


TEMPERATURE RECORD AT NEW HAVEN, CONNECTICUT 


Considerable evidence has been presented in recent years 
indicating that the world climate has been moderating since the 
last half of the eighteenth century and the beginning of the nine- 
teenth century when development of polar ice and of glaciers 
throughout the world was at a maximum. Since meteorological 
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observations have been taken in New Haven, Connecticut since 
1780, it is possible to pinpoint the maximum cold with fair 
certainty. The coldest 10-year period since 1780 was that 
between 1812 and 1821, the coldest 5-year period was between 
1814 and 1819. 

The same weather data from New Haven indicate a pro- 
nounced trend toward warmer weather ever since the early part 
of the nineteenth century. That this trend is significant despite 
periodic fluctuations is indicated by the graph of the 10-year 
moving average (fig. 1). The mean annual temperature has 
risen from 47.61 degrees F. for the 10-year period ending in 
1821 to 51.55 for the 10-year period ending in 1931, a rise 
of approximately 4 degrees. Even a smooth curve drawn 
through the data indicates a rise of about 214 degrees. 

Kincer (1933) has demonstrated that this rise in tempera- 
ture is significant, that it is duplicated in records from weather 
stations throughout the world, and that it 1s equally apparent 
at rural as well as at urban stations, obviating the possibility 
of city development’s causing the trend. 


MEAN ANNUAL TEMPERATURE (°F) 


1780 1800 1850 1900 


Fig. 1. Mean annual temperature at New Haven, Connecticut (ten-year 
moving average). 
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The effect of rising temperatures is especially apparent in 
arctic regions. Ahlmann (1946, 1949) has brought together 
impressive evidence demonstrating this trend. For example, the 
average thickness of sea ice in the Polar Sea was found by 9 
Russian expedition in 1937-1940 to have been reduced 40 
per cent along a course where measurements had been taken 
by Nansen in 1893-1895. Between 1924 and 1942, drift ice 
in the Arctic Sea has been reduced by more than a million square 
kilometers. Glaciers in the Arctic—and indeed throughout the 
world—have been shrinking rapidly since the early nineteenth 
century (Flint, 1951). 


PRESENT-DAY TEMPERATURE VARIATION ALONG 
THE ATLANTIC COAST 


In order to assess the importance of the recorded rise in 
temperature in terms of forest composition, an effort was made 
to correlate present mean annual temperatures with latitude 
and altitude. Records for the year 1944 were chosen, as tem- 
peratures for this year were not unusual, and as this was the 
first year of the local climate study in the Harvard Forest. 
Only those weather stations from the crest of the Appalachians 


eastward to the Atlantic coast were used in order to minimize 
the effect of variables other than those being studied. 

As a measure of change, mean annual temperature was 
used, partly because it was the measure adopted by Kincer in 
his study of temperature changes, partly because it is the most 
comprehensive of the conventional temperature measures, and 
partly because its use tended to minimize the effect of local 
variation, cold winter temperatures in low spots tending to 
average out with hot summer temperatures in the same places. 

When the mean annual temperature for some thirty stations 
from Brunswick, Georgia, to Fort Kent, Maine, were plotted 
against latitude and altitude, a good correlation was obtained 
(fig. 2). The mean annual temperature was found to increase 
systematically as altitude was decreased and latitude increased. 
Furthermore, the relationship is close to being rectilinear, ex- 
hibiting only a slight curvilinearity for mean annual tempera- 
ture over latitude. The mean annual temperatures of the indi- 
vidual stations fit the generalized curves well, few of the actual 
values differing from the theoretical values by as much as one 
degree. 
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Referring to the curve of mean annual temperature over 
latitude and altitude (fig. 2), it can be seen that a difference 
in elevation of 1000 feet represents a change in mean annual 
temperature of about 2.8 degrees F., and that a difference of one 
degree in latitude represents a change in mean annual tempera- 
ture of about 2 degrees. The rise in temperature since 1817, 
then, being nearly 3 degrees, represents a movement of the 
climate about 1000 feet up in elevation or about 100 miles 
north at the same elevation. 


ESTIMATION OF PAST TEMPERATURE FROM 


POLLEN SPECTRA 
The curves of mean annual temperature may also be used to 
estimate climates in the past, if we only assume that the present- 
day relationships between vegetation and mean annual tem- 
perature have persisted from the past. By plotting the latitude 
and altitude of various points along the limit of the continuous 
range of a given species, its range may be defined approximate- 
ly in terms of mean annual temperatures. For example, white 
pine does not grow to any extent where the mean annual tem- 
perature rises above 50 degrees F., and red spruce does not grow 
in regions having a mean annual temperature above about 45 
degrees F. 

When criteria such as those indicated above are applied 
to the pollen spectra of Deevey (1939, 1943) for southern New 
England, it is immediately apparent that the mean annual 
temperature in the New Haven area for the past several thou- 
sand years has been consistently higher than about 45 degrees, 
the northern limit of abundant oak and hickory; and consistent- 
ly lower than about 52 degrees, the average southern limit of 
hemlock and birch. Although the method is crude and the values 
approximate, the extent of the variation is fairly apparent. Not 
only does it seem that fluctuations in mean annual temperature 
in the past several thousand years have not exceeded 7 degrees, 
but also it would appear that actual changes in forest composi- 
tion within this period can be fully explained by assuming 
temperature changes of as little as 2 degrees, provided that 
the change has lasted for a number of centuries. 


PAST FOREST COMPOSITION 


From the information provided by pollen studies and from 
the reconstruction of past climatic history, it is possible to 
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estimate, at least roughly, the length of time that the important 
forest trees have been in central and southern New England. 
This period appears to have been at least several thousand 
years (Flint and Deevey, 1951) for practically all those trees 
which now occur throughout New England, and whose southern 
or northern range limits are at least 200 miles south or north 
of central New England, Of the 10 species listed as occurring 
in more than 10 per cent of the stands in the Harvard Forest, 
all fall within this category. Of the 16 species occurring in 
more than 214 per cent of the stands, only one is near its 
range limit. 

Only + species and one undifferentiated genus, out of a total 
of 20 which are recorded on the Harvard Forest stand maps, 
have their northern or southern limits sufficiently near central 
New England to have been seriously affected by climatic varia- 
tions over several thousand years. Hickory (a genus not broken 
down into species in the Harvard Forest records) and black 
gum are near their northern limits in central New England. 
Black spruce, red spruce, and tamarack are near their southern 
limits. None of these species is important in the present-day 
forest, and 4 of the 5 are largely confined to peat bogs. 

In view of the established climatic history, it would appear 
that the postglacial warm and dry period was sufficiently 
marked to eliminate spruce and tamarack in southern New 
England and possibly in the vicinity of the Harvard Forest, 
although the work of Benninghoff (unpublished) indicates that 
spruce probably persisted in Tom Swamp throughout this peri- 
od, Quite possibly, black gum and hickories were introduced 
during the same time. These latter species have persisted, while 
spruce and tamarack have definitely been reintroduced into 
southern New England and possibly into the Harvard Forest 
region at a much later date by the long trend toward increasing 
cold. 

In a sense, then, black gum and hickory may be considered 
as relicts, while spruce and tamarack—whose appearance in 
bogs south of their continuous naturai range has usually been 
cited as the classic example of a relict community—are not 
always relicts in situ, but rather may be very recent introduc- 
tions which have invaded their present swamp habitats from the 
north, granted that the extent of their southward migration 
may not have been great when measured in miles because of the 
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higher elevations nearby to the north and west. A related view 
is expressed by Deevey (1949). 

The present poor appearance and vigor of spruce and 
tamarack in central New England, therefore, does not prove 
the relict status of these species, but is merely a reflection of the 
recent trend toward warmer climate which, if continued, may 
well force these species farther north and bring about a north- 
ward extension of the range of such species as black gum and 


hickory. 
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REVIEWS 


The Oxidation States of the Elements and Their Potentials in 
Aqueous Solution, 2d ed.; by Wenvetit M. Latimer. Pp. xvi, 392; 
8 figs., 95 tables. New York, 1952 (Prentice-Hall, Inc., $7.50).— 
Oxidation Potentials has long been the book of first resort for every 
inorganic chemist. The developments of the past ten or twelve 
years have led to a great upsurge in exact inorganic chemistry; a 
new edition of the book is very welcome. Although this new edition 
does contain estimates for the potentials of the actinides and the 
other elements of recent appearance, the average chemist will find 
it more useful on account of the several hundred new potential 
values for the stable elements. 

The form of the book remains nearly the same. The new features 
include potential diagrams for all elements with more than one 
oxidation state and, especially useful, tables of AH°, AF°, and 
S° of the elements in various states, and of their compounds and 
ions. The table of equilibrium constants has been incorporated 
in the text which for some purposes makes it a little less useful. 
(Incidentally, the equilibrium constant for the iodine-triiodide 
equilibrium is 7.1 x 10°, not 1.4 x 107 as given.) A selection of 
study questions has been included in an appendix. It seems safe 
to state that anyone who can rapidly write out the answers to these 
questions is entitled to think most highly of his knowledge of in- 
organic chemistry. 

It is to be hoped that Oxidation Potentials will form the basis 
of an increasing number of college courses in advanced inorganic 
chemistry. It will certainly remain a standard reference work in the 
subject. HENRY C, THOMAS 


Ultraviolet Radiation; by Lewis R. Kotter. Pp. ix, 270; 77 
tables, 148 figs. New York, 1952 (John Wiley & Sons, Inc., $6.50). 
—-Although there has been a large amount of information accumu- 
lated in recent years about ultraviolet radiation, these facts have 
not hitherto been made readily available to the nonspecialist in 
the field of radiation. The author of this volume has now gathered 
together this scattered information, and he displays it efficiently. 
An attractive feature is the large number of well-drawn figures. 
The publishers are to be congratulated on not making the common 
mistake of reducing these figures ton much in size. 

All the various types of ultraviolet lamps are described, and there 
is an excellent chapter summarizing our knowledge of the solar 
radiation. This is followed by chapters on the transmission and 
reflection of ultraviolet by common materials. Topics under the 
heading “Applications and Effects’’ include erythema, the preven- 
tion and cure of rickets, production of vitamin D, germicidal effects, 
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disinfection of air and water, and fluorescent and sun-tan lamps. 
In the final chapter there is a description of the various kinds of 
detectors of ultraviolet radiation. References are numerous enough 
and there is a good index. Ww. W. WATSON 


The Measurement of Radio Isotopes; by Denis Taytor. A 
Methuen Monograph on Physical Subjects. Pp. viii, 118. New York 
and London, 1951 (John Wiley & Sons, Inc., and Methuen & Co., 
Ltd., $1.50).—This little monograph deals primarily with the 
instrumentation used in radio isotope measurements, and should be 
helpful to anyone attempting work in this field for the first time. 
It deals principally with the use of Geiger counters and associated 
electrical counting equipment. The general characteristics of such 
instruments, statistics of counting, considerations of source geometry 
and self-absorption are discussed. The chapter on corrections for 
various counting errors and testing of equipment is especially 
valuable. 

Such a short monograph must necessarily cover this field in a 
very incomplete fashion. The theory of gas counters is not con 
sidered, and only the briefest empirical description of their prop- 
erties is given. Also only a very brief account is given of propor- 
tional counters and scintillation counter techniques. 

The material that has been included, however, is worth reading. 
HENRY L. KRAYBILL 


Mesons, A Summary of Experimental Facts; by Atan M. 
Tuornpike. Pp. viii, 242; numerous figs. and tables. New York, 
1952 (McGraw-Hill Book Company, $5.50).—This book is an 
excellent summary of the principal experimental information per- 
taining to light (pi and mu) mesons which was available in late 
1951. It is necessary to emphasize the date, since knowledge of 
these particles is still accumulating rapidly. However, the author 
has been conservative in his choice of material, and it is not 
likely that future work will contradict many of his conclusions. 

The book opens with an historical account of the evidence for 
the existence of mesons, including a brief sketch of the original 
Yukawa theory. Later chapters discuss the production, lifetime, 
decay products, and interactions with matter of pions and muons. 
The last chapters deal with the presence of mesons in the cosmic 
radiation. Only brief reference is made to the increasing numbers 
of V-particles and heavy mesons which have been found within the 
last few years. Too little is yet known for certain about these 
particles to permit a summary of lasting value. 

This book serves its stated purpose of providing useful introduc- 
tory reading for the physicist about to begin work in this field. 
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It may also be valuable to the scientist in other fields who wishes 
to obtain a reasonably detailed knowledge of these particles. A 
glossary of terms increases the usefulness of the book in this 
respect. Further, very little mathematics is used, and experiments 
are described with a minimum of confusing detail. 

HENRY L. KRAYBILL 


Geological Survey of Great Britain; by Sir Epwarp Battey. 
Pp. xii, 278; 39 figs., 4 plates, London, 1952 (Thomas Murby and 
Sons, 22s 6d; The Macmillan Company, New York, $4.00).—The 
author of this useful volume first joined the British Survey in 1902, 
and became the ninth Director in 1937, to serve until his retirement 
at the close of the Second World War. At the start of his administra- 
tion the Survey was two years past the centennial of its beginning 
under the leadership of Thomas De la Beche. In 1835 geology 
was a young but vigorous science which owed much to British 
pioneers, among the most famous of whom were James Hutton and 
William Smith. Bailey gives brief but interesting notes on these 
and other early workers. An unpublished manuscript written by 
Hutton before the birth of Charles Darwin reveals that the re- 
markable Scot had, in essence, the concept of origin of species 
through natural selection. 

The Geological Society of London started in 1807, as ‘“‘a geologi 
cal dining club,” and some of its members played a leading role 
in initiating the Geological Survey. A roster of distinguished names 
is connected with the progress of the two organizations. The classical 
stratigraphic studies of Sedgwick and Murchison were under way 
in the 1830's and Murchison was made the second Director of the 
Survey in 1855. Mapping of the British Isles progressed rapidly. 
first on the inch-to-a-mile scale, later in much more detail at six 
inches to a mile. Among the many well-known geologists engaged 
in this task were Lapworth, Peach, Horne, and Clough, whose 
names are inseparably connected with deciphering the structure 
of the Northwest Highlands of Scotland. Archibald Geikie, the 
fourth Director, is known to every serious student of geology. These 
and numerous other historic figures enliven Bailey's careful chrono- 
logic account, which is well written and informative, and should be 
accessible to every geologist who has an interest in the growth of 
his science. CHESTER R. LONGWELL 


Early Man in America; by EF. H. Seviarps. Pp. xvi, 211; 47 
figs.; 8 other illustrs. Austin, 1952 (University of Texas Press, 
$4.50).—Because of the recent rapid accumulation of discoveries of 
ancient American culture sites, the study of which has produced 
a very extensive professional literature, this book is an extremely 
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useful guide. It is a summary of current knowledge in the area of 
research in which geologic stratigraphy and archeology meet, and 
is concerned with the New World, in which, not many decades ago. 
it was widely believed that there had been no prehistoric human 
population. 

The term “early man,” as used in the book, refers to the complex 
of cultures now generally classed as Paleo-Indian, and identified 
by the author through their association with extinct mammals. 

The discussion is by regions (Great Plains, Cordilleran region, 
Coastal Plain, South America) with descriptions of the most 
significant localities within each region, and an attempt at a 
presentation of sequence to the limited extent that our rather 
scanty stratigraphic knowledge permits. For example, the Paleo- 
Indian Plains cultures are shown to include at least two sequential 
complexes, an early elephant-hunting culture (represented by 
Clovis Fluted points) and a later bison-hunting culture (including 
such assemblages as Folsom and Plainview). 

Relations of the cultures in adjacent regions are suggested, and 
the radiocarbon age determinations so far obtained are presented. 
The radiocarbon dates range from a maximum of about 10,000 vears 
(a Folsom object) down to about 6,000 years (a Sulphur Springs 
object). Unfortunately no datable objects in the pre-Folsom, 
elephant-hunting culture have yet been found. 

The author speculates on the origin of the ancient American 
cultures, and urges the reasonableness of the view that they are 
indigenous rather than importations. He thinks it likely, moreover, 
that climatic variation may have been responsible for the apparently 
abrupt change from the Folsom industry to those of later types, 
by forcing away the bison herds that were the principal human 
food, and later permitting them to return. The ranges in area and 
time of several extinct mammals (elephant, mastodon, horse, bison, 
camel, sloth) are briefly treated, but the author does not enter into 
the vexed problem of the factors that led to their extinction. 

The volume contains a most useful catalog of culture localities, 
a series of illustrations of artifacts, stratigraphic sections, and ex- 
tinct mammals, and an excellent bibliography of some 900 titles, 
among which are the author’s own considerable contributions. 

The book is written from wide knowledge and with sympathetic 
interest, and should be not only useful to archeologists and geologists 
but also attractive to anyone with a curiosity about very ancient 
Americans. RICHARD FOSTER FLINT 


Energy Sources—The Wealth of the World; by Evcene Ayres 
and Cuarves A. Scartortt, Pp. vii, 344; 112 figs. New York, 1952 
(McGraw-Hill Book Company, $5.00).—This book is an outgrowth 
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of a paper “Major Sources of Energy’’ presented to the American 
Petroleum Institute in 1948, and leans upon many other articles by 
the senior author, a Gulf chemist and chemical engineer. Mr. Scar- 
lott is Editor of Westinghouse Engineer. They offer the most com- 
prehensive summary available on our actual and potential energy 
sources. It should prove a useful reference for students of economic 
geology, those whose livelihood depends on the mineral fuels, and 
especially for public servants charged with policy-making in respect 
to their use and conservation. It contains almost no scientific jargon 
and no text references. The latter feature may be a source of regret 
to technical readers. However, an excellent selected bibliography 
of eleven pages is part of an appendix. 

A feature not common to many comparable inventories by fuels 
economists and geologists is that comparative statistics are re- 
duced to horse-power-hours, which are rates rather than quantities. 
Methods and useful tables for conversion of btu/lb or btu/gal to 
hphr or to kwhr are given in the Appendix. Without going into 
detail, the authors make clear the many variable factors inherent in 
such conversions, such as, for example, efficiencies of power con- 
version systems, cost of transmission, convenience versus efficiency, 
availability, etc. The generally true picture is painted with broad 
strokes. A few of many quotable conclusions follow. 


Under “How Much Petroleum” (p. 40): 


“We are not likely to be certain that the peak of discovery 
has been passed until we are well on the way down.” “The 
United States peak is expected between 1955 and 1960.” 
(p. 45) “There is no significant relationship between gas 
production and gas reserves.” (p. 47) “Crude petroleum 
and natural gas reserves appear to have roughly the same 
order of magnitude.” 


In “How Much Coal” (p. 53): 


“There appears to be lots of coal in the world; the United 
States has a substantial proportion (perhaps almost 
one-half).” 


Discussing the combined mineral fuels (p. 85): 


“The total energy reserves of the United States and of the 
World are almost the same when expressed in terms of the 
respective energy requirements” (italics by reviewer). 
“Coal is so much more abundant than any other fossil fuel 
that inaccuracies in the other fossil fuel reserves are of 
little overall consequence. What is left of our fossil fuel 
era depends upon coal!” 
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Discussing the rapid rise of oil and gas in recent years, at the 
relative expense of coal, (p. 98): 

“The 1960-70 decade is likely to show an entirely different 
story, for gas may actually begin to decline and a sub- 
stantial part of our oil will be imported or synthesized. 
Coal should take the first halting steps toward its eventual 
destiny as the mightiest fuel source of all” (italics by 
reviewer ). 

In mention of future conversion of coal to oil or gas the authors 
assume that (p. 114): 

“Measures will have been taken to guarantee the extraction 
of coal from the earth in a terrific and constant stream. 
Obviously, this will entail drastic social reforms. The 
real difficulties will be political and economic rather than 
technological.” 

Virtually all other possible energy sources, even if slightly 
fantastic, are discussed at such length as perhaps to exaggerate their 
foreseeable value. The most important now available is water for 
hydroelectric power, which has apparently been overrated by many. 
The authors point out (p. 175) “hydro-electric power is usually as 
costly as coal-steam-electric power because higher investment offsets 
the cost of coal.’’ Furthermore, the cost of transmission limits the 
possible users to 300-500 miles distance. They conclude (p. 250) 
that: 

“the sentiment of the people favors development of this 
natural resource, particularly when it is accompanied by 
other public benefits, such as flood control, reclamation, 
navigation and recreation.” 

In an effort to steer clear of controversy, they fail to show 
why conditions favoring simultaneous use of a dam for dependable 
power, flood control and irrigation are unlikely in most localities. 

Halftone figures are credited. Most graphs and tables are not. 
Furthermore, the former are completely unnumbered while the 
latter are numbered consecutively for each chapter. In order to 


refer, one must follow each table or figure number by a page 
number. Thus, in table 2, p. 49, we see that low-volatile bituminous 
coals outrank all others in (btu/lb) heat value. However, in the 
Appendix, p. 317 (credited to the U. S. Bureau of Mines), one finds 
that the average heat value for bituminous coals exceeds that for 
semi-bituminous! Such slips are difficult to trace lacking source 
credits. 


Energy Sources—The Wealth of the World is a stimulating and 
apparently complete coverage of the field. It is by far the most 
readable reference on comparative sources of industrial and 
military power. JOHN B. LUCKE 


I 


PUBLICATIONS RECENTLY RECEIVED 


’. S. Geological Survey Professional Papers as follows: 218, Geology and 
Mineral Resources of the Hardin and Brussels Quadrangles (in 
Illinois); by W. W. Rubey ($2.25). 233-C, Upper Silurian Brachiopods 
from Southeastern Alaska; by Edwin Kirk and T. W. Amsden ($ .55). 
234-A, Ostracoda from Wells in North Carolina, Part 1, Cenozoic 
Ostracoda; by F. M. Swain ($ .75). 234-B, Ostracoda from Wells in 
North Carolina, Part 2, Mesozoic Ostracoda; by F. M. Swain ($ .40). 
241, Vicksburg (Oligocene) Smaller Foraminifera from Mississippi; 
by Ruth Todd. 243-B, Tertiary Stratigraphy of South Carolina; by 
C. W. Cooke and F. S. MacNeil ($ .15). Washington, 1951-52 (U. S. 
Government Printing Office). 

Mesons, A Summary of Experimental Facts; by A. M. Thorndike. New 
York, 1952 (McGraw-Hill Book Company, $5.50). 

Evolution and Human Destiny; by Fred Kohler. New York, 1952 (Philo- 
sophical Library, $2.75). 

Biological Chemistry, An Introduction to Biochemistry; by Alexander 
Gero. New York, 1952 (The Blakiston Company, Inc., ???? 

The World of Eli Whitney; by Jeannette Mirsky and Allan Nevins. New 
York, 1952 (The Macmillan Company, $5.75). 

Nonmetallic Minerals, 2d ed.; by R. B. Ladoo and W. M. Myers. New 
York, 1951 (McGraw-Hill Book Company, Inc., $10.00). 

Geological Survey of Great Britain; by Sir Edward Bailey. New York, 
1952 (The Macmillan Company, $4.00). 

Organic Chemistry—The Chemistry of the Compounds of Carbon; by L. J. 
Desha. New York, 1952 (McGraw-Hill Book Company, Inc., $6.50). 

U. S. Geological Survey: 274 Topographic Maps. 

Opiate Addition, Psychological and Neurophysiological Aspects in Relation 
to Clinical Problems; by Abraham Wikler. Springfield, Illinois, 1952 
(Charles C. Thomas, Publisher, $3.00). 

Evolution in the Genus Drosophila; by J. T. Patterson and W. S. Stone. 
New York, 1952 (The Macmillan Company, $8.50). 

An Advanced Treatise on Physical Chemistry. Vol. 3, The Properties of 
Solids; by J. R. Partington. New York, 1952 (Longmans, Green and 
Co., $14.00). 

The Ames Demonstrations in Perception; by W. H. Ittelson. Princeton, 
N. J., 1952 (Princeton University Press, $4.00, paper cover). 

Selections from Bayle’s Dictionary; edited by E. A. Beller and M. duP. 
Lee, Jr. Princeton, New Jersey (Princeton University Press, $6.00). 

Introduction to the Foundations of Mathematics; by R. L. Wilder. New 
York and London, 1952 (John Wiley & Sons, Inc., and Chapman & 
Hall, Ltd., $5.75). 

Traité de Paléontologie; Jean Piveteau, editor. Vol. 1, Les stades in- 
férieurs d’organisation du Régne animal; Vol. 2, Problémes d’adaptation 
et de phylogentse. Paris, 1952 (Masson & Cie., Vol. 1, 8300 francs, 
paper cover; 8900 francs, clothbound. Vol. 2, 9000 francs, paper 
cover; 9700 frances, clothbound). 

Texas Bureau of Economic Geology Reports of Investigations: 14, Recog- 
nition of Hipparions and Other Horses in the Middle Miocene Mam- 
malian Faunas of the Texas Gulf Region; by J. H. Quinn, and New 
Paleocene and Lower Eocene Vertebrate Localities, Bing Bend Na- 
tional Park, Texas; by J. A. Wilson, et al. 16, The Hazel Copper- 
Silver Mine, Culberson County, Texas; by P. T. Flawn. 17, High 
Purity Marble Falls Limestone, Burnet County, Texas; by V. E. 
Barnes. 


695 


i 
| 


696 Publications Recently Received 


Histoire Géologique de la Biosphere. La Vie et les Sédiments dans les 
Géographies Successives; by Henri Termier and Genevitve Termier. 
Paris, 1952 (Masson & Cie., 8600 francs, paper cover; 9200 francs, 
clothbound ). 

Illinois Geological Survey Circula 181, Mineral Resource Research and 
Activities of the State Geological Survey, 1951-1952; by M. M. Leigh- 
ton. Illinois Petroleum Reports: 66, Illinois Oil-field Brines, by W. F. 
Meents, et al. 67, Oil and Gas Development in Illinois During 1951; 
by A. H. Bell and Virginia Kline. Urbana, 1952. 

Albert Heim, Leben und Forschung; by Marie Brockmann-Jerosch and 
Arnold and Helene Heim. Basel, 1952 (Wepf & Co., Verlag, Swiss 
francs 17.80). 

A Further Study of Visual Perception; by M. D. Vernon. New York, 1952 
(Cambridge University Press, $7.00). 

Tabellen zur optischen Bestimmung der gesteinsbildenden Minerale; by 
W. Ehrenreich Tréger. Stuttgart, 1952 (E. Schweizerbart’sche Ver- 
lagsbuchhandlung, DM 27.80). 

The Earth, Its Origin, History, and Physical Constitution, 3d ed.; by 
Harold Jeffreys. New York, 1952 (Cambridge University Press, $13.50). 

Seismic Prospecting for Oil; by C. H. Dix. New York, 1952 (Harper & 
Brothers, $7.50). 

Your Community’s Health; by D. F. Smiley and A. G. Gould. New York, 
1952 (The Macmillan Company, $5.50). 

Psychoanalysis as Science; by E. R. Hilgard, L. S. Kubie, and E. Pumpian- 
Mindlin. Stanford, California, 1952 (Stanford University Press, $4.25). 

Pleistocene Geology of Kansas; by J. C. Frye and A. B. Leonard. Kansas 
Geological Survey Bulletin 99. Lawrence, 1952. 

The Principles of Physical Metallurgy; 3d ed.; by G. E. Doan. New York, 
1952 (McGraw-Hill Book Company, $5.50). 

Principles of Invertebrate Paleontology, 2d ed.; by R. R. Schrock and 
W. H. Twenhofel. New York, 1952 (McGraw-Hill Book Company, 
$12.00). 

U. S. Geological Survey: 156 Topographic Maps. 

Rocks for Chemists; by S. J. Shand. New York, 1952 (Pitman Publishing 
Corporation, $4.50). 

An International Bibliography on Atomic Energy, Vol. 2, Scientific Aspects, 
Supplement 1. Atomic Energy Section, United Nations. New York, 
1952 (Columbia University Press, $3.50, paper cover). 

The Origin of Metamorphic and Metasomatic Rocks; by Hans Ramberg. 
Chicago, 1952 (University of Chicago Press, $10.00). 

Sir James Jeans, A Biography; by the late E. A. Milne. New York, 1952 
(Cambridge University Press, $4.00). 

Advanced Mathematics in Physics and Engineering; by Arthur Bronwell. 
New York, 1952 (McGraw-Hill Book Company, Inc., $6.00). 

Phylogeny and Morphogenesis, Contemporary Aspects of Botanical Sci- 
ence; by C. W. Wardlaw. New York, 1952 (St. Martin’s Press, 42s). 

Einfiihrung in die Kristalloptik, 4th ed.; by Eberhard Buchwald. Samm- 
lung Goéschen Band 619. Berlin, 1952 (Walter de Gruyter & Co., 
DM 2.40, paper cover). 

Water, Miracle of Nature; by Thomson King. New York, 1953 (The Mac- 
millan Company, $3.50). 

The Radiant Universe; by G. W. Hill. New York, 1952 (Philosophical 

Library, $4.75). 
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